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A l ibrary res e ar ch pro j ect wa s done to gain informa­
tion on the e th ni c  u s e s  o f p lants c i ted in C. B. Arzeni 
and B. N .  McKnight ' s  " Ethnobo tany " , a workbook u s ed i n 
conjunction wi t h  Bo tany cla s s es 2320 and 5452 off�red 
at Eas tern I l li noi s  Uni vers ity at Char l e s ton . The work­
book repres ents a s e r i e s  o f  exerc i s e s  on p l ants and 
thei r impac t  and impor tanc� to man . At present , there 
is  no s in g l e  book tha t  o ffer s  exp l anations and comment s 
on the di ver s i ty o f  p l ants tha t appear i n th i s  workbook . 
The purpo s e  o f  th i s  paper , therefore , i s  to b ri ng together 
such i n fo rma ti on in one work , wi th the hope tha t  i t  wi l l  
be use ful in ful f i l l i ng the a s s i gnments requi red o f  the 
workbook . Inc luded are di scus s ions o f  the cryptogams , i . e .  
the bacteri a ,  a l ga e , fungi ,  bryophytes , pteri dophyte s , 
hors etai l s , ps i l op s id s , and c lub mo s s e s ;  various p l ants 
used a s  fumi tor i e s  and mas ti c a tories , spi c e s , med i c i na l s , 
hal luc i nogens , and poi sons . Wi thi n  a part i c u l a r  s ec ti on , 
attempts h ave b e en mad e  to i n troduce the s ub j ec t with 
re lati on to its h i s to r i c a l  d i s covery; to compare a nd 
contr a s t spec i f i c  p l an t s  or  genera concern i ng the i r  
present bona f i d e  us e s  and pas t  folk l ore us e s ; to d e s c ribe 
the i r  prepar a t i on for u s age ; and to s tate what cultur e s , 
i f any , ar e the primary u s er s  o f  a particular p l ant . I n  
the di s cus s ion o f  poi s onous , hal luc inogenic, and med ic i nal 
p l ants , an attempt h a s  also been made to e l aborate bri e f ly 
upon the chemi c a l  and phys io logi c a l  e f fects o f  the ac tive 
princ i p l e s  invo l ved . 
Appea ring a t  the end o f  each section are l i s ts o f  the 
common names of pl ants mentioned in tha t  s ec t ion , wi th 
the i r  appropri a te sc i enti fi c names and fami ly name s . 
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INTRODUCT I ON 
Thi s pro j ect i s in tended to b r i ng togeth_e r , i n  one 
paper , i n fo rma tion concerni ng the ethnic  u s e s  of plants 
c i ted in the workbook , " Ethnobotany " ,  w r i t ten by C .  B. 
Ar z en i  and B. N. Mc Kn igh t . The workbook repre s ents a 
s e r i e s  o f  exerc i s es  on plant s and the i r  imp a ct  and 
importance to man . I t  i s hoped that the ma ter i a l  
conta ined her e in wi l l  be usefu l i n  working the a s s i gn­
ments found i n  the workbook . 
The goal i s no t to o f fe r  a c omprehen s ive work i n 
the f i e ld o f  ethnobotany , but ra ther to dea l wi th a few 
s e l ec ted topic s  which the author con s i de r s  of intere s t  
and o f  l a s t i ng importanc e . I t  i s  a l so i n tended to pre­
sent botany of i nt e r e st and appea l to the non spec i a l i s t . 
Thi s  paper addre s s e s  i ts e l f  to the a s p e c t s  o f  
economi c botany that i nc lude c ryptogarns , spi ce s , fumi­
tor i es and ma s ti c a to r i e s , ha l lu c i nogens , po i sons , and 
med i c i na l s . Concerning each o f thes e ,  an at t empt i s  
made to e l aborate o n  the i r  hi s tory , var i ous me thod s o f  
preparation and uti l i z a tion , fo lk lore and bona f ide u s e s , 
and the count r i e s  and c u l tures of the i r  origi n . 
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C RYPTOGAMS 
The term " c ryptogam " probab ly ho lds l i tt l e  meaning for 
anyone but the botani s t . I t  i s  a term u s ed in some o f  the 
ear l i e s t p l ant c l a s s i f ic a t i on s y s t ems known to man . Inc l ud ed 
in thi s  c ategory a re a l l the p l ants wi th c oncea l ed reproduc -
tive organs , that i s  to s ay ,  plants who s e  reproduc tive organs 
are unob s ervab l e  wi thout the a i d  o f  magn i fication . In  fact , 
the te rm c ryptogam c ome s from the Greek word s  kruptos meaning 
" hidden" and gamo s meaning "wedded " (Smith 1955). H i s to r ic a l ly , 
the plants now r ecogni z ed a s  fung i , a lgae , and bryophyte s  were 
at one time c l as s i fi ed as a s ing l e  un i t . Later , the fung i and 
algae c ame to be con s ide r ed as the lowe r c ryptogams , and the 
bryophytes , a l ong w i th the p s i lop s ids , l ycops i d s , sphenops i d s , 
and pter idophytes , became known a s  the higher c ryptogams 
( Doy 1 e 19 7 O ) • 
Cryptogami c p l ants  are found in a l l  envi ronments c apab l e  
o f  supporting l i fe . They are i n  the s o i l , water , and a i r , i n  
o r  o n  l iving or non l iv i ng hos t s , and may be found i n  d i ve r s e  
hab i tats wh ich range f rom h o t  s pr i ngs t o  a rc t i c  regions . The 
divers i ty o f the i r  d i s tribution is equ a l ed by thei r  d i ver s i ty 
in form and economic s igni f i c ance . The f i r s t  part o f  th i s  
paper wi l l  deal w i t h  both the po s i ti ve and negative a spec t s  
of the s i gni f i c anc e o f  some o f  t h e  c ryptogams . 
In dea l ing with sys tems o f  c l a s s i f i cation l i nes o f  
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demarc ation are o f ten d i f f i c u l t  to d e f i ne . At t ime s i t  
become s nec e s s ary to " pi geon ho l e '' an organi sm o r  even an 
entire group o f  organi sms . Such i s  the c a s e  w i th the bacteria. 
Bacter i a  are primi tive forms o f  l i fe pos ses s i ng charac teri s ti c s  
o f  both p l a n t s  and a n ima l s . The curren t  vi ew i s  to " pi geon 
ho le " the bacteria into botanica l sy s tems o f  c l as s i f i c a t i on. 
Proo f  of the ex i s tence of the s e  organi sms had to awa i t  the 
deve lopment of i n s truments tha t  wou ld gre a t ly increa s e  the 
re so lvi ng power of the human eye . Thu s i t  c an be deduced 
tha t  the bac ter i a  have conc e a l ed reproduc t ive s truc ture s , 
and so s hou ld be d i s c u s s ed a s  c ryptogams . 
As previously i n ferred , the bacteria are mic ro scop i c  
in s i z e . Becau s e  o f  thi s , w e  a r e  freque n t ly unaware o f  the i r  
pre s ence. However , the bac teri a  are pos s ib l y  the mo s t  ub iqui ­
tous of  a l l  the c ryptogams , i f not o f  a l l  l iving th i n g s . Many 
are the d i s e a s e  c au s i n g  enemi es o f  man. The rea l s i gn i f i c ance 
of the d i s ea s e  c au s ing organi sms c an be appreci ated i f  we c on­
s ider the tremendous impac t of epidemi c s  in a world i gnorant 
of thei r  pre s ence . The t ime prior to P a s teur cou ld b e  con s id­
ered as  some o f  the blackes t i n  h i s tory , when d i s e a s e  ru led 
the wor l d . I n  tho s e  t ime s , d i s ea s e  spread wi th the popu l a c e , 
o f ten chang ing th e cour se o f  h i s tory . Armi es unconquerab l e  
by man were d e f e a ted b y  the s e  i n f i n i tely sma l l organisms , and 
ent i re c i ti e s , even nation s , were wiped out in s in g l e  epidemic s .  
Ranking high among the bac ter i a l  d i s ea s e s  wh i ch c l a imed l ive s 
were typhoid f eve r , dy s ente ry , cho lera , and d i ph ther i a . 
We o f t e n  th ink o f  autumn a s  b e i ng a me l ancho ly s ea s o n . 
Perhaps th i s  s terns f rom the age when typhoid fever and 
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dysentery cou ld be expec ted to take many l ive s at tha t  time 
of the year . Typhoid fever i s  frequently a s e a s ona l d i s e a s e  
occurring i n  the late s ummer and e a r l y  autumn month s .  The 
disease o�gan i sm is Sa lmone l l a  typho s a , a s pec i e s  of bacteria . 
It i s  s pread by water , she l l f ish , and other type s o f  food . 
Tho se who s u f fer the d i s ea s e  and recover from i t  may be 
chron ic c arriers o f  th e  organi sm . I t  may grow in the ga l l  
bladder , l iver , b i l e  ducts , kidneys , o r  inte s t i n a l  trac t s  o f  
convale s cents , and the i r  fec a l  mate r i a l  may conta in viru l ent 
microorgani sms for the rest o f  the ir l ive s ( Gebhardt and 
Ander son 1 9 6 4 ) . 
The typhoid bac terium mu s t be inge sted to do harm . 
Therefore , the b e s t  prevention i s  by ma intenance o f  s ani tary 
drinking water and food supp li e s . A vac c ine i s  a l so ava il-
abl e . 
The c a u s a t ive agent o f  bac i l l a ry dy s entery may be one 
of s evera l s pec i es o f  the genus Shige l l a . P e rhaps the most 
infectiou s  is � dys enteriae , which is s e ld om encountered in 
the United S tate s . Thi s particu l a r  spec i e s  produces an 
exotoxin wh ich causes a poi s onous cond i t ion i n  the patient . 
Th i s  genus rare ly invades the b lood s tream ; i n s te ad it remains 
in the intestinal trac t where i t  c au s e s  s evere in f l ammat ion 
and di arrhea . Shigella i s  s imi l a r  to Sa lmone l l a  in that it 
too is more or l e s s  s e a sona l , occurring in the late summer , 
and that the recovered patient may rema in a c a rr i er o f  the 
d i sea s e  ( Gebhardt and Anderson 1 9 6 4 ) . It a l s o  occurs in 
water and may be contro l l ed through s anitary mea s ures . 
The d i s ease known a s  diph ther i a  has  a l s o  c l a imed many 
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l ive s . The causative agent i s  Corynebacter ium d i phthe riae . 
Diphtheria i s  a l oc a l  in fec t ion which begins a s  a s l igh t 
fever and a sore th roa t .  The mucous membranes o f  the no s e , 
�hroat , tons i l s , trachea, and bronch i are the s it e s  o f  growth 
for the organ i sm , where , by growth and tox in producti on , i t  
produc e s  a gray , lea thery membrane ( Gebhardt and Anderson 
1 9 64 ) . The tox i n  i s r e l e a s ed loca l ly and pa s s e s into the 
bloods tream v i a  c api l lar i es which come i nto contact wi th the 
meinbrane . Wh i l e  in the b lood s tream , the toxin can have 
injuriou s  e f fects on the nerve c e l l s , periphera l nerve f ibe r s , 
the heart mus c l e , and certain g landu lar t i s sues ( Wa l ter and 
McBee 1962). Paralysi s  of the swa l l owing musc les may follow , 
mak ing swa l l owing impos s ib le . Immed iate treatment i s  nec e s -
sary if the l ife o f  the pat i ent i s  t o  be s aved . Antib i o t i c s 
such a s  penic i l l i n  or erythromycin d e s troy the mic roorgani sms , 
but have no e f f ect on the tox in . Therefore , i t  i s  nec e s s ary 
to administer an anti toxin i n conj unc tion with the antib io tic s . 
Mos t  i ndividual s  who recover from this ordea l have a f a i r ly 
las ting immuni ty to the d i s e a s e . Diphtheria , un l ik e  the 
previ ous ly mentioned di sease s , is mo s t  often spread from person 
to per son, espec ial ly by c oughing and snee z ing . A l though 
th i s  d i s ea s e  i s  pres en t  throughou t the year , it i s s imilar to 
the others ih that there is u s u a l ly an increa se in the number 
o f  ca s e s  between Augu st and Dec ember (Wa l ter and McBee 1962). 
Vibrio comma , the cau s a tive agent of As i atic cho l era , i s  
another water borne organ i sm . Cho lera is , or was ,  by far the 
more s erious of the s e  d i s ea s e s . I t  has  been s a id tha t cho l era 
cou ld strike with such ma l i c e  that a " child l aughing and h appy 
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in the morning , cou ld be a drawn- faced corps e by evening " 
( Gebhardt and Anderson 1 9 6 4 ) . Th i s  d i s e a s e  c au s e s  s evere 
diarrhea as we l l. as damage to the in te s ti na l muco s a  such 
that f lecks  o f  epi the l i um may be s een i n  the s too l ( Burnette 
and Schus ter 1 973 ) . Large amount s  o f  f lu i d s  are l o s t  dur ing 
the severe d iarrhea , resul ting i n  s unken eye s  and leathery , 
wrink led skin o f  the pat ient . Treatmen t  o f  cho lera i s  pr ima-
r i ly through rep l acement of lo s t  f luid s  and s a l ts . Preven-
tion and contro l may be accomp l i shed by vac c i nat ions and 
sani tary contro l of water and food s upplie s . 
I t h a s  been b r i e f ly a lluded to tha t  the l i ght mi croscope , 
which has  been widely avai l ab l e  for l e s s than a c entury , was 
nec e s s ary for the d i scovery o f the s e  organi sms . I t  wa s wi th 
the continued deve lopment o f  the micros cope and the sc i ence 
of microbi o l ogy tha t many o f  the s e  d i s e a s e  organi sms we re 
brought under control . 
In s p i te of the s e  advances , the vacc i nes and ant ib ioti c s , 
chlor ina ted wa ter , and pas teur i z ed mi lk , we s ti l l  have bouts 
wi th the o rgani sms of the micros copic wor l d . Some o f  them 
such as the tuberc le bacter ium ( Mycobac teri um tubercu los i s ) , 
the pneumoni a bac teri um ( Diplococcus pneumoniae) , and the 
venereal bacter i a  ( Treponema pa l l idum and Ne i s s er i a gonor-
rhoeae ) , to name a f ew , s ti l l  rema in s eriou s  prob l ems . S t i l l  
others wh ich are perhaps le s s  important give u s  the unp l ea s ant-
ri e s  of pimp l e s , s ore throats , boi l s, ab s c e s s e s , sk in infec-
tions , and throat , s inus , and middle ear i n f ec tions .  The s e 
la tter prob l ems a re usua l ly caused by the s taphy lococci and 
s treptococc i , wh ich are re s ponsib l e  for more i n f ec t ions of man 
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than perhaps a l l  the o ther bacter i a comb i ned ( Wa l ter and 
McBee 1962) • 
Bac ter i a l  microorgan i sms are not only the d i s e a s e s  o f  
man and anima l s , but a l so o f  p l ants . Among p l ants , the s e  
organi sms o f ten cause s poi l age and rotting . Fre s h  fru i t s , 
because o f the i r  mo i s ture , ac idity , and high sugar content 
often fal l v i c t im to bacte r i a  i f thei r protec tive s k in i s  
damaged . Vegetab l e s  may likewise b e  at tacked i f sk in o r  
ti s sue damage i s  present . The bac ter i a l  infect ion o f  vege-
tables o f ten results i n  the breakdown of t i s sue , c aus ing 
soft rot of tuber s , and/or the wi l ting of leaves and s t a l k  
whi ch in turn results i n sma l ler and fewer , i f  any , fru i t s . 
Bacter i a l  plant pathogens inc lude Corynebacterium michiganen s e , 
the cau sa l  agent of tomato c anker s , P s eudomona s  aerug i no s a , the 
causal agent of so ft rot of potato tuber s , and Erwi n i a  am-
ylovora wh ich cau s e s  f i r eblight of corn , to name a few ( De laat 
19 7 9 )  • 
Spo i l age due to bacter i a i s  by no mean s limi ted to f r e s h  
fruits and vege tab l e s . Raw meat s , f i sh , da i ry produc t s , and 
even canned proces s ed foods are a l so invaded by the s e  micro-
organi sms . One o f  the ch i e f  c aus ative agents o f  proc e s s ed food 
spoi lage is C lo s tr i d ium botu l i num . As a re s u l t  of i ts metabo-
li sm c. bo tu l i num produ c e s  at  l e a s t  five neurotox in s  ( Burnette 
and Schu ster 1973). I f  tox in contamina ted food s  are inge s ted , 
one or more o f  the s e  neurotoxin s cause s  a form o f  food po i son-
ing known as botu l i sm . The i ni t i a l  symptoms inc l ude headache , 
weakne s s , l a s s itude , doub l e  vi s ion , and d i l a ted pupi l s , and 
deve lop w i th in a f ew hour s  to a few days . Mu s c l e  par a l ys i s  
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ensues and death fol lows due to respi ratory par a l y s i s  or 
cardiac fa ilure . The on ly trea tment for botu l i sm i s  the 
intravenous administration of anti toxi ns  (Burnette and 
Schuster 1973) .  Delaat (1979} s tates tha t  even w i th the 
�dmini stra ti on of speci f ic anti tox ins , the chance s  for re-
covery are limited . Burnette and Schus ter (1973) suggest 
tha t  the r eason for thi s i s  tha t  once the botu l inus toxin 
reacts wi th nerve ti ssue , the anti tox in has no effect. 
Fortunately , botuli sm i s  no t a c ommon d i s e a s e . Al though 
i t may result from eat ing c anned or proces s ed food s ,  it mo s t  
of ten results from ea ting improper ly pres e rved home-c anned 
food s . Nearly all ca ses of botul i sm could be prevented if 
canned foods are bo iled for ten to f ifteen minute s . 
One canno t  study the economi c importance o f  the bacte r i a  
wi thout cons idering antibioti c s . Antibiot i c s  are sub s tanc e s  
found in bac teria and other organi sms ( some o f  the fung i) 
whi ch , i f  admini stered in di lute solution , d e s troy or inhib i t  
the growth o f  o ther microorgan i sms ( Encyc lopaed i a  Britanica 
1979). With few exceptions , the s e  bac ter i a  a r e  the only 
organisms tha t can cur e di s e a s e s  by e l imin a t i ng the i r  c au s e s  
�urnetteand S chuster 1973). I n  add i tion to cur i ng e s tab l i shed 
d i s eases, antib iotics are va luab l e  i n  prevent i ng o ther infec -
tious d i s e a s e s . It i s  worthy to note , however, that no s ing l e  
antib iotic i s  effec tive aga i n s t  a l l microorgani sms . Some o f  
the commonly u s ed bacterial agent s that produce antibioti c s  
include s evera l  s pec i e s  of Streptomyc e s  ( S .  antibioticus y i e l d s  
actinomycin , � lavendulae - s t repto thuc in , � gr i s eus - s trep-
tomycin , s. aureo fac iens - aureomy c i n, s. vene z u e l a e  - ch l oro-
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mycetin ,  � r imos u s  - terramyc i n , and � erythraeus -
erythromyc in } , and s ever a l  specie s o f  Bac i l l u s  ( B . b r ev i s  -
tyrothri an , tyrod i n , and gramicin , B .  po1ymyxa - po lyrnyxin , 
and B. subti l i s - bac i trac in and s ub t i l in} .  Among the s e , .the 
antibiot i c s  derived from spec i e s  o f  Bac i l lu s , a l though pro -
duced commerc i ally , a r e  too toxic f o r  intravenous admini s tra-
tion . Thos e  whi ch have a low toxic i ty for the human body are 
formed by the genus S treptomyce s ( Gebhardt and Ander s on 1 9 6 4 ) . 
In early t ime s , man unknowingly u s ed mi croorgani sms to 
bring about des irab l e  change s in h i s  food , drink ,  or c lo thing . 
Thes e  ear ly pract i c es have led to the f i e ld o f  indu s tri a l  
microbio logy in which microb i a l  proc e s s es a r e  u s ed t o  produce 
economically valuab l e  materia l s . Mos t  o f  the s e  produc t s  are 
obtained from bacter i a  as a resu l t  of thei r metabo l i c  ac tivi ty . 
Some o f  the metaboli c  by-products are the enzymes u s ed i n  
fermenta t ion . Perhaps the mo s t  widely used organ i sms in 
fermentation a re the yea s ts . S t i l l , many fermented produc t s  
are derived f rom the activi t i e s  o f  bacter ia . Lac t ic a c i d  and 
other f l avor produc ing sub stance s  are derived from the fermen-
tation of  l a ctos e . The agents whi ch c ause the fermentation of  
lactose are Streptococcus l ac t i s  and related s pec i e s  ( Wa l ter 
and McBee 1962). Through fermentation the s e  organi sms impart 
a variety of flavors to many o f  our da i ry produc ts , inc lud ing 
the flavor of  butter , buttermi l k , and many chee s e s . Some 
bacter ia may be used a l one or i n con j unc ti on with S t reptococcus 
to produce various product s . One o f  these i s  La c tobac i l lus 
bulgar icus wh i ch i s u s ed to produce yogurt . Others i nc lude 
speci es of Propionibacter ium whi ch are used together wi th the 
10 
s treptococc i  a nd lactobac i l l i to produce Swi s s  chee s e . I t  i s  
intere s ti ng t o  note that the ho les  o r  " eyes " i n  Swi s s  chee se 
are  formed by the accumulation o f  c a rbon dioxi de produced 
during the b reakdown of lactic acid to propionic a c i d , acetic 
acid , c arbon d ioxide , and water (Wa l te r  and McBee 1 9 6 2 ) . 
A d i s cu s s io n  o f  the bacteria i s  incomp l e t e  wi thout 
men tioning thei r  role in the ni trogen cyc l e . Al though free 
ni trogen compo s e s  about four- f i fths of the atmo sphere o f  the 
earth , it remains the mos t cr i ti c a l o f  the p lant e l emen t s  
(Wa l te r  a n d  McBee 1 9 6 2 )  • I t  i s  the one tha t  i s  mo s t  l ikely 
to be i n  short supply , bec ause al l of  the h i gher plants l ack 
the means o f  obtaining thi s elemen t . 
To be u s e ful to plant s , and sub s equently to anima l s , 
including man , n i trogen mu s t  uni te with s ome o ther e l ement or 
elemen t s  to f orm a compound . For mos t  p l ants thi s mus t be in 
the form of ammoni a (NH3) or the n i trate ion (N03). I n  the 
f i r s t  s i tu a t i on, ni trogenous compounds i n  plant and anima l 
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res idue s are decomposed by b acter i a l  proc e s s e s  i nto the 
ammoni a form ,  a proces s termed ammoni f i c a tion . Bac teri a such 
as in the genus Bac i llus are e s pec i a l ly active in thi s proce s s . 
Followi ng ammonif i cation may be the oxidation o f  ammon ia to 
nitri te s . Thi s may be accompl i shed by the genera Ni trosomonas 
and Nitrobacter. Further oxidation by Nitrobacter r e s u l t s  i n  
the forma t i on o f  ni tra tes . Thi s two- s tep proc e s s  i s  r e f erred 
to as n i tri f ication . The l a tter s tep ( n i t r i t e s  to n i tra tes ) i s  
e s s enti a l  beca u s e  nitri tes are tox i c  t o  p l ants , wh i l e  ni trates 
are read i ly u se d  by green plants and microorgani sms ( Gebhard t 
and Ander son 196 4 ) . The proces s o f  n i tri f i c a ti on can be 
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rever s ed b y  other microorgani sms, e s pec i a l ly i f  areas 
typic a l ly aerob i c  i n  nature become anaerobic temporar i ly ,  
for ins tance , through s a tura ti on wi th wa ter . Under the s e  
condi tions bacte r i a  u s e  ni trogen t o  supp l ement depl eted 
oxygen suppl i e s . The n i trates  are thus reduced to n i t r i te s , 
anunonia , oxide s , and gas eous n i trogen ( Gebhardt and Ander s on 
1 9 7 4 ) .  Thi s proces s i s  referred to a s  denitr i f i c ation. Some 
author s re serve th i s  term for the proc e s s in which ga s eous 
nitrogen i s  the end produc t , and u s e  the term " ni trate reduc-
tion " to refer to ni trogenou s c ompound s that are los t  from 
the soil in a nong a s eous f orm ( Wa l ter and McBee 1 9 62 ) . 
The los s e s  of nitrogen compounds v i a  plant uti l i z ation 
and den i t r i f i c a tion are very real and cou ld eventua l ly be a 
serious threat to soil fertili ty if the n i trogen i s  not 
replaced. For tunately , nitrogen compounds are redeemed as a 
re su l t  of ni trogen f i xation . 
B r i e fly ,  nitrogen f ixa tion i s  a phy s i o logic a l  reac tion 
peculi ar to cer tain bacteria , and a few o ther organi sms , 
which a l lows them to trans form free ni trogen gas into com-
pound s whi c h  eventually become u s eful to h igher p l an t s . The 
nitrogen f ix ing bacteria are of two type s : 1) symbiot i c  
bacteri a and 2} nonsymbiotic bacteria ( De laat 1 9 7 9 ) . The 
former re fers to the re l a tion s h i p  wh ich exi s t s  b e tween 
legumi nous plants and root nodu l e  bac ter i a. Al though s evera l 
bacteria are thought to be c apab l e  o f  f i x i ng n i trogen, on ly 
spec i e s  of the genu s Rh izob i um h ave been s tud i ed exten s i ve l y  
as ni trogen fixers . The mechani sm o f  t h e  proc e s s  i s  not 
fu l ly unders tood , but its prac t i c a l  s i gnif i c anc e  is one o f  
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the ma j or contributions o f  soi l mic roorgani sms to the 
economy of the wor ld. 
The s e cond form of nitrogen f ixation is carried on by 
nonsymb i ot i c  or free- l iving bacter i a . The s e  bacter i a  are 
known to f ix mo lecular nitrogen wi thout the aid o f  higher 
plants. The proc e s s  is l arg e ly one of metabo l i sm .  Uti l i za-
tion o f  ni trogen during the bui ld-up o f  protop l a sm may result 
in the excre tion of sma l l  amoun t s  of ni trogen compound s into 
the s oi l . Fur thermore, the death o f the s e  bacteri a and their 
subs equent decay re s u l ts in the trans forma tion of prote i ns 
into nitrates v i a  the ammoni fy i ng and n i tr i fy ing bac ter i a  
previou s ly mentioned . Free- l iving bacter i a  which fix n i trogen 
include s everal s pec ies of the genera Azo tobacter and C l o s trid-
ium . Spec ies o f  C lo stridium appear to be mor e  abundant in the 
soil , a l though both are recogn i z ed as norma l  soi l inhab i t ing 
organi sms ( Gebhardt and Anders on 1 9 6 4) .  Attemp t s  a t  innocu lat-
ing s o ils w i th these and other bene f i c i a l  organi sms have me t 
with little success (Delaat 1979) . 
Conclud ing the d i s c u s s ion o f  bacter ia brings u s  to another 
group of cryptogams , the algae . The a l gae are s imp l e  organi sms , 
mo s t  o f which conta in chlorophy l l  that enab l e s  them to produce 
the i r  own food v ia photosynthes i s . The s e  organ isms a r e  di s tin-
gui shed from other c ryptogams on the b a s i s  of s exua l reproduc-
tion and morpho logy ( Smi th 1 9 5 5) .  Recent s tud i e s  tend to 
include phy s iologi ca l character s a l s o in c l a s sify ing the s e  
organi sms . They range i n  s i z e  from mi croscopic un ic e l lu lar 
forms to " s eaweed s" which may b e  s evera l feet in length. There 
are few places  on earth where algae o f  some ki nd are not found . 
1 3  
They occur i n  g r e a t  abundance in t h e  o c e a n s  and s e a s , and i n  
fresh water lakes , ponds , a n d  s treams . Other s a r e  found in 
damp soi l , on rock s , tree bark, epiphyt i c  on other organi sms, 
and epi zoic on some an ima l s . The s e  sma l l  aquatic forms make 
up a large part o f  the f loating l i fe i n  water c a l l ed p lankton . 
Plankton cons i s ts o f  both p l ants and anima l s . The p l ant or 
a lga l component may be re ferred to as phytop l ankton , whi le 
the animal component is referred to a s  z oopl ankton. As s ta ted , 
the two toge ther are r e f erred to a s  p l ankton , and form the 
ba s i s  of the food chain , whi ch provide s the ba s i c  food for 
aquatic anima l s . 
Man a l s o  u til i z e s  a l gae a s  a f ood source . The l arger 
algae or macro s copic algae are used for thi s  purpose . The 
ear l i e s t  u s e s  of macroscopic a lgae date back to c a . 8 0 0  B . C . 
in China. Records o f  a l gae found in the Chinese Book o f  
Poe try s tate that " pondweed " or " duckweed " was a d e l i cacy , and 
wa s  often u s ed as a s a cr i f i c e  to revered anc e s tor s ( Chapman 
1964). 
Scores o f di f ferent spec i e s  o f  a l gae have been eaten in 
va r ious parts o f  the wor ld . H aw a i i  boa s t s  a tota l of s eventy-
f ive var i e t ies  of edib l e  " s eaweed" , however , not a l l  are of 
cho i c e  qua l i ty (�hapman 19 7 0) .  The Japane s e ,  perhaps due to 
the i r  lack of vari ety i n  vegetab l e s , a l so uti l i z e numerou s 
type s o f  " s eaweed " . Many o f  the s e , likewi s e , are not o f  cho i c e  
qua l i ty ,  and only a f ew have e n j oyed true widespread consump-
ti on . Among tho s e  that are u ti l i z ed wor l d  wide are s everal  
spec i e s  o f  the genus Porphyra . Th e Ch i ne s e  u s ed thi s  genus a s  
a b a s e  f o r  soups , wh i l e  the Japane s e  u s e d  it pr imari ly as  a 
14 
salad . The spec i e s  P. tenera has b een cul t ivated by the 
Japanes e  in Tokyo Bay . Purp le l aver ,  as th i s  a lga is 
commonly called, was also u s ed by the Br i ti s h  and French. 
The Europeans used it not on ly a s  a s a l ad but a l s o  a s  a 
" fi l l er " by frying it i n  fat, or by boi l ing i t  i n to a s emi -
f luid break fast dish, or bak i ng it into laver bread . Wi th 
the divers i ty in prepa rat ions, common name s  proli f er ated. 
Some o f  them are " s loke" , " s louk " , " s l ack" , "s l oucawn " ,  
and "marine sauce " (Chapman 1 9 7 0 ). � pe'r forata was exp loi ted 
by the Indians of the northwe s tern Uni ted S ta t e s . They refer-
red to the alga a s " s ea lettuce", whi ch a l s o  r e f e r s  to Ulva 
lactuca. Ulva lactuca is a l s o  known a s  gr een l ave r  and i s 
used in the same manner as s pec i e s  o f  Porphyra . There are 
numerous other s peci e s  of edib l e a lgae . Some o f  the more 
important ones are : the kelp ( Larninar i a  japonic a ) , dul s e  
(Rhodymenia palmata), and Ge lidium corneum • .  The l a t ter a l so 
serves as the pr imary sourc e o f  agar - aga r , wh i ch i s us ed 
extens ive ly as a culture medium .  
Algae, bes ides being u s ed as  a source o f  food for man, 
have been and a re still employed on farms a s  l ives tock feed . 
The modern practi ce i s to d ry the a lgae and gr ind i t  into a 
meal which i s th en fed to the l ives tock . A percentag e  of  
the tot a l  rat ion we ight i s  typ i c a l ly u s ed in c o n j unc tion with 
ordinary food s tu f f s . Many s pec i e s  o f  a lgae a r e  u t i l i z ed for 
a parti cular perc entage o f  carbohydrate s , prote i n , pota s h , 
and fat , etc . The most popu l ar a lgae of th i s  type i n-
elude the fo l lowi ng : Fucus ves i c u l o s u s , � s e rratus , 
As cophy l lum nodo sum , Lami nar i a  s accharina and L . d i g i tat a , 
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which may be u s ed toge ther or s eparate ly . Al though s ui tab l e  
food ma teri a l s  are obvi ou s l y  der ived from the a lgae , there 
. 
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are certain drawbacks wh ich ar i s e  f rom the i nd ige s t ib i l i ty 
of the sma l l percentage o f  thes e  organi sms in the ration 
( Chapman 1970) . 
The a lgae may a l s o  be u s ed a s  fert i l i z e r . Spec i e s  o f  
Ulva , Fucus ve s iculosus , Macrocys ti s  pyr i fera and the g enu s 
Sargas s um are ju st a f ew o f  the a lgae uti l i z ed in th i s  manner . 
Vi rtually a l l o f  the a l gae,  not j u s t  tho s e  mentioned , are 
relatively h igh in n itrogen and pota s h  ( Chapman 1970). They 
also add a cons iderable amoun t o f  organic matter to the s oi l . 
Unfortuna tely , the phosphate content i s low and s o  phos phates 
mus t be added. Anothe r  drawback i s  that the ni trogen i s  not 
read i ly ava ilab l e . I t  must be broken down a s  previous ly d i s -
cus sed . Al though a lga l  masses provide a n  exc e l lent ferti l i z er , 
thei r transporta t i on pos e s  yet another probl em . For th i s 
rea son , the use o f  the a l gae a s  fer t i l i z er i s  somewhat r e s tr i c t-
ed to coa s tal region s  (Chapman 1970). 
A h i gh ly important commer c i a l  p roduc t o f  a l ga l o r i g i n  i s 
dia tomaceous earth , o r  d i a torni te. D i atomi te i s  a s i l i c eous 
mater i a l  der ived from th e r ema in s  of the she l l s  or f ru s tu l e s  
of the diatoms ( H i l l  1952) . One o f the chi e f  u s e s  o f  dia tomite 
is  in industr i al f i l trat ion technique s , inc l uding the proce s s -
ing o f  oil ,  alcoho l i c  and non a l coho l i c  beverages , antib iotic s ,  
solvents , and chemic a l s . I t  i s a l so u s ed a s  a f i l l er in paints , 
pla stics , soaps , d etergent s ,  etc . and a l so adds texture to the s e  
ingredient s .  One o f  the o l d e s t  and perhaps be s t  known u s e s  o f  
diatomite is that o f  a very mi ld abr a s ive i n meta l po l i shes and 
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toothpas te ( H i l l 1952). 
On the negative·s ide , den s e  a lg a l  growth s are detr i ­
men tal . Algal " blooms " occur i n  which there i s  a very rapid 
growth rate of the s e  organi sms . Wa ter s uppl i e s  may be s everly 
affected by such blooms wh i ch occur i n r iver s , lake s , and 
reservoi rs .  I n  commerc i al f i s h i ng areas , mas s ive growths o f  
algae interfere wi th harvesting and may even deplete the 
oxygen content of the water , thu s k i l l ing many of the f i sh .  
Rivers , lakes and res ervo i r s  wh i ch are sub j ect to a l g a l  
blooms may be the cause of  ma j or c r i s es f o r  communi t i e s  u s ing 
the water . The s e  organi sms caus e prob l ems i n  wa ter treat­
ment plant s  by shortening f i l ter runs , c loggi ng intake screens , 
forming s l ime layer s of growth on the wal l s  o f  f i lters , set­
tling bas ins , intake pipes , and aerator s ,  and by i ncrea s ing 
sludge depos i ts .  They a l so change the pH , carbon dioxide and 
oxygen content , color , and turbid i ty o f  the water (Mervin 
19 6 4). In l ak e s  and res ervo i r s , a lg a l  abundance speed s  up 
the aging or eutroph ication proces s e s . Eutroph i c a t i on , how­
ever , i s  l argely promo ted by the i n troduc tion o f f erti l i z e r s  
that a r e  a s upply o f  nutrients , permi tting rapid a lg a l  growth . 
The organism s  which are respon s ib l e  for the s e  prob l ems inc lude 
species of Anabaena , Mic rocys t i s , Osc i l l atori a, Chlamydomona s , 
Eu·glena , many o f  the Vo l vox comp lex, many o f  the d i a toms , and 
many others (Chapman 19 6 4) . Attempts to control the growth 
of the s e  a l gae u s ua l ly i nvo lve the u s e  o f  a l g i c i d e s . Copper 
sul fate is the mos t  commonly used a lgic ide and h a s  met with 
some success. Care mu s t  be taken when u s ing a l g i c i d e s  a s  
they tend t o  be s e l ec tive i n the i r  tox i c i ty . They may e l imi-
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nate one k i nd o f  a lga but a l low for the subs equent b loom of a 
more re s i s tant k i nd . Other control mea s u r e s  invo lve the c l ear-
ing or removal of vegeta tion and o ther nutri ent ma ter i a l s  in 
areas of re s ervo i r s  and impoundments , the cover ing o f  c ana l s  
,�nd sma l l  res ervo i r s  to eliminate a lgae growth and control o f  
lands surround ing re s ervoi r s  to reduc e contamination , ferti l i -
zation , and s ilta tion o f  impounded wa ter s ( Mervin 1 9 6 4 ) . 
Clo sely rela ted to the a l gae are the fungi . Fung i are 
nongreen p lants d evoid o f  chl orophy l l . The p l ant body i s  
characteristically compo sed o f  mi cros copic branching f ilarnents 
ca l l ed hyphae or myc e l ia . They are cla s s i f i ed partly on the 
ba s i s  of the i r  cell wa ll components , the nature of the hyphae , 
i . e. s eptate or nonseptate , and perhaps mor e  importantly , on 
the bas i s o f  thei r fruiting or reproduc t ive bodi e s  ( Bo ld , e t  al 
19 80 ) . 
Th e fungi are a large group o f  p l an t s  compr i s ing thous ands 
of spec i e s , and the l ist gets longer each year . A great 
number o f  fungi are r e l a t ively obs cure , but s ome have received 
attention because of their economi c impor tance . Since anc i en t  
times fungi have s e rved a s  "fol k l ore " med i c i na l s . Among the s e  
remed ies i s  the us e  o f  Daldi ni a concentr i ca ,  wh ich , when 
carr i ed in the pocket , wou ld serve as protection aga i n s t  
abdominal cramps ( Rolfe and Ro l fe 1 9 2 6) . Auricu l ari a aur icula, 
commonly known as "Jew's ear " , wa s u s ed to treat d i s eas es o f  
th e throat . Th i s  may be con s idered an examp l e  o f  t h e  " doc trine 
of s ignatures" , a s  the hyrnenial surface o f  th e fungu s r e s emb le s  
the s tructure o f  th e upper throat o f  human s  ( Gray 19 5 9 } . One 
of th e mos t  widely us ed fungi was Fornes o f ficinali s . Considered 
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a panacea , thi s  fungus was used a s  a treatment for a i lments 
ranging from co l i c , s ores , and bru i s e s to cures for l i ver a i l -
ment s ,  a s thma , j aund i ce ,  dys entery , and a s  a purgative and 
antidote for po i son s ( Ro l fe and Ro l fe 1926; Gray 1959; Hard 
19 0 8 ). 
Sti l l , i n  o th e r c u l ture s , med i c ina l proper t i e s  o f  f ung i , 
and other p lants , were c lo s e ly r e l a ted to thei r  h a l luc inogenic 
properti e s . The h a l l u c i nogens are d i s c u s s ed i n  a later por-
tion of  thi s  pape r ,  and so wi l l  no t be d i s c u s s ed here. The 
l i s t  of fungi used as f o lk lore med ici na l s  goes on and o n . 
The bonafide med i c i n a l  u s e s  o f  fungi , on the othe r  hand , 
are re l a tively sho rt. One o f  the mo s t  impo r tant i s  a s  a source 
of antibiot i c s . The b es t  known o f  the s e  i s  peni c i l l i n , wh ich 
is derived from Pen i c i l l ium chry sogenum and P.  no tatum . Rec ent 
res earch ha s found anoth er in c a lvacin , a mucoprotein der ived 
from Ca lvati a  sp . ,  one of the pu f fba l l s . I n  laboratory s tud i e s  
ca lvac i n  has  b een fou nd t o  b e  c apab l e  o f  a r re s t i ng th i r teen o f  
twenty- four types  o f c ancer ( Lewi s and Lewi s  19 7 7 ) . 
A r e l a tively sma l l  number o f  fungi have been u s ed i n  hou s e -
holds and i ndu s try . Some o f  the o ld hous eho l d  p roduc t s  i nc l ude 
the use o f  bracke t fungi such as  Forne s fomentarius , Daeda l ea 
quercina , and Po lyporu s lucidus a s  ti nder ( Ro l fe and Ro l fe 19 2 6 ; 
Gray 19 5 9 ). I nk wa s der ived from Copr i nus coma tus , and dy es o f  
various c o l o r s  were ob tained f rom spec i e s  o f  Forne s , E ch i no-
don tium , P i s o l i thus , Po lyporus , a nd Ru s s u l a  ( Ro l f e a nd Ro l f e  
19 2 6 ) . The co lorfu l dyes ob tai ned f rom thes e fungi were also 
mixed and comb ined to give s ti l l d i f ferent s hades and co lors . 
Most , i f  not a l l ,  o f  the s e  u s e s  h ave been rep l aced by modern 
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products . 
Severa l o f  the indu s t r i al u s e s  o f  fungi , on the other 
hand , are i rr ep l ac eabl e . P erhaps the mos t  importan t i s  the 
produc tion of antibioti c s , wh i ch has  been previou s ly di s ­
cus s ed . O the r s  impar t f l avor t o  s ome o f  our chee s es 
( Penic i l lu im roque forti i and P. c amernberti ) wh i l e o ther s are 
respon s i ble for mak i ng bread r i s e  ( Saccharomy c e s  c erevi s i ae )  
and s ti l l  oth e r s  are used i n  the wine a nd bee r  i ndus try a s  
fermento r s  ( S a c charomyces e l l ipsoideus , S. pyr i fo rmi s ,  and 
S. s ake ) ( Gray 1959). 
A wide var i ety of  fung i are ed i ble. Whi le thi s i s  true , 
no s i ng l e  fea ture o f  any fungus i s  s u f f i c i ent to d e termi ne 
i t s  ed ibi l i ty . P o s i tive identi f ic a t i on o f  a l l  fung i intended 
for consumption s hould be made , as many fungi are po i s onous 
or halluc i nogeni c. Once the fung i are properly ident i f i ed 
they may b e  prepared i n  various ways. They may be baked , 
fried , s tewed , boi l ed , roas ted or s tu f fed . They may a l s o  be 
made into c a t s up s , s oups , purees , ragout s and f r i tters ( Gray 
1959). The l i s t  o f  ed ib l e  f ungi i s  long ind eed , a nd not all 
of them can be mentioned here. f.._ f ew o f  the more common 
edib le fung i are li s ted below: 
Ag aricus  bi s porous - commonly c a l l ed the 
"but ton mu shroom" , thi s spe c i e s  is the fungus 
of  comme rce o f ten found i n  the superma rke t .  
Armillar i a  me l l ea - the "honey mu sh room " 
is consid ered to be one o f  the mos t  pa l a tab le 
o f  the fu ngi . 
C a lvatia s pp. and Lycoperdon s pp. - a l so 
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edible , th ese fungi must be collec t ed �i th 
the utmost discr imina tion as young , poi s on-
ous Amani ta s  are very s imilar in appea ranc e . 
Morchella spp . - th e  common more l i s a 
seasona l delic acy popping up only i n  the 
spring . 
Pleuro tus o s treatus - common ly c alled 
the oy ster mush room because o f  i t s  appear-
ance and f i sh-like taste . 
Polyporus sulphur eus - another fungus 
who s e  common name , ch i cken- o f - the -wood s , 
i ndi ca tes i ts savory qua l i t ies . 
As one can s ee, there are numerous economi c use s for the 
fungi . However , th ey are most important economically as the 
causal agents of disea ses . Whi l e fungi may be harmful to 
both man and an imal ,  the largest mon etary los s es are i ncurred 
th rough plant diseases . I n  a paper pub l i sh ed by the Agri -
cu l ture Resea rch Serv i c e  ( 19 6 5 ), i t is est imated that in th e 
Uni t ed S tates , for the year s 19 5 1  to 196 0, th e average annual 
crop losses totaled sli ght ly under four bi llion dollars . 
Diseased p l ants may be de f i ned as tho s e  which have 
become altered i n the i r  physio logi c a l  and morphological 
deve lopment to such a degre e th at si gns o f  s uch ef fects are 
obvi ous ( Wa lker 19 6 9 ) . These externa l s i gns or symp toms are 
o f ten characteristic o f  a given dis ease . Perhaps the most 
important of the diseases are those wh i c h  i n fec t cerea l o r  
grain crops . Among th ese , "stem rust" , wh ich attacks ma ny 
cultiva ted and wild grasses , is ch i e f  i n importance . It is 
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cau s ed by the fungus Puc c i n i a  g rami ni s .  Some author s suggest 
tha t  it has become d i f f erentia ted into spec i a l i z ed var ieties 
that require s pec i f i c  hos t s  ( Bo ewe 1 9 6 0 ) . For examp l e , one 
var i e ty chi e f ly a f fe c t s  whea t ,  whi l e  another a f fects  oats , 
and s ti l l  another primarily a f fects rye . Whe ther they are 
di f ferent var i e t i e s  or not is of li t t l e  con s equence . Al l 
stem ru s t s  c a u s e  low y i elds and poor quali ty , shrive l ed 
grain s . 
Nearly as important are spec i e s  o f  the genus Ustilago . 
Usti lago a l so i n f ects whea t  and o ther memb e r s  o f  the gras s 
family c au s i ng a d i s ea s e  ca l led " loo s e  smut . "  " Loos e  smut 
of corn " , c au s ed by the spe c i e s � mayd i s , does  the mos t  
damage in terms o f  economy . The amount o f  damage i s  depend-
ent on the locat ion o f the g a l l . The ga l l , a reproduc tive 
s tructur e , i s  the mo s t  conspi cuous ph a s e  o f the smut , and 
may occur on s tems , l eaves , axilla ry bud s , e a r s , and parts 
o f  ma le f l ower s . All infec tion s re sult i n  a reduc tion o f 
yield due to i n f e rior kernel s ize ( Walker 1 9 6 9 ) . 
Th e erad i c a tion o f  mos t  plant dis eas e s  i s  impo s sible . 
However , many c rops are bred for re s i s tance to the s e  pa tho-
gens , a nd a varie ty of controls , such as fung i c ides , ex i s t 
to prevent extreme lo s s es . Con s equentl y , the Uni ted S ta tes 
conti nue s to produce food , feed , and fiber i n greater 
abundance than a t  any previous time in his tory . 
I n  some i n s tanc e s , a symbi o tic relationship exi s t s  
between an alga and a fungu s wherein thous ands o f  algal 
ce lls are e nme shed in a ma trix o f fungal f i l amen ts . The 
re s u l t i ng organism i s a li chen . Li chens lack a dif ferentia-
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tion into l eave s , s t ern, and roots . They grow a th a llus corn-
pos ed o f  e longa ted ce l l u lar thread s ca lled hyphae i n s tead . 
The co lor and growth form , i . e .  folio s e , c ru s t o s e, or fruti­
cos e , o f  th e  tha l l us, a long wi th var ious chemi c a l  tests are 
used to d i s tingui sh genera and speci e s . Like many o f  the 
cryptogarns , the l i chens are found near l y  everywhere . They 
are mos t  abundant in the a lp i ne and arctic  tundra where they 
are the domi nant form o f  vegetation . In thes e  area s , l i chens 
are uti l ized by ca r ibou , e lk , deer , etc . a s  a source of food . 
One area i n  wh i c h  l i chens are s carce i s  large c i t i e s . I n  
genera l, they c anno t to lerate grea t quantities o f  po l lution . 
Consequently, they may be used a s  na tur a l  po llut ion i nd i c a tors . 
The ma in economi c importance of l i chens, however, i s  the i r  
u s e  a s  antib i o t i c s .  I n  Europe , y e l low lichens o f  th e genus 
Cladon i a  a r e  harves ted for the extrac tion o f  usni c a c i d , wh ich 
i s  th e b a s e  of seve r a l  antibiotic sa lves . Comp lex chemica l s  
ob tained f rom l i chens h ave b e en us ed effecti ve ly aga i n s t  a 
wide range o f  bac ter i a  a s  we l l  as treatmen t  for ulc er s and 
second and third degree burns ( Ha l e  19 7 4). 
Eco l og i c a lly, l i ch ens are s low but e f f i c i ent s o i l forme rs . 
Some secrete a c i ds wh i c h  b re ak down s o l id rock i n to small pieces . 
Thi s i n  turn provides a p l a c e  for mo s s e s  and more h i gh ly d ev el-
oped plants  to grow . 
Th e oak mo s s  l i chen , Evern i a  pruna s tri , i s gathered i n 
sout hern Europe and used i n  per fumes . It func tions a s  a f i xa-
tive to s l ow down the evaporation o f  the fragrance s i n  perfume s 
and s oaps ( Ha l e  19 7 4) . 
Probab ly the mos t  fami l i ar use o f  dye s derived f rom li chens 
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i s  found i n  the li tmus paper us ed by chemi s t s . The reddi sh-
violet dye , li tmus , is  us ed a s  an ac id-ba s e  i nd i cator . 
In  emergenci es ,  s ome lichens s uch a s  the re i nd eer li chen , 
C l adina r ang i f er i na , and rock tripe , Umb i l i c a r i a  mamula ta , 
have been eaten wh en o ther food s were scarce . 
The plants previou s ly cons i dered have a l l  been l ower 
cryptogams . The h i gher cryptogams includ e th e mo s s e s  and 
liverwo r t s , the psilops ids , the horse ta ils , the club mo s s e s , 
and the ferns ( Doyle 19 7 0) .  The h i gher c ryptogams , s o  far 
in h i s to ry , have no t proven to be extreme ly important e conom-
ically . Probably the mos t  important are spec i e s  o f  the mo s s  
genus Sphagnum . Thi s  mo s s  has been u s ed for fuel where o ther 
vegetati on is s c arce . Its greate s t impor tanc e i s  due to 
anatomi c a l  f e a ture s known as l eucocy s t s  ( Wa t son 197 4) .  Leuco-
cy s t s  are porou s , water ho lding c ells i n  th e ' ' l eaves " that 
allow it to be an exc ellent abs orbant. As such , it i s very 
u s e f ul a s  a germinat ing med ium , wound compre s s , and packing 
ma teri a l . Other mo s s e s  have been utilized a s  pollution 
ind i c ator s ,  a s  substi tutes fo r  mortar in chink i ng between 
bricks , and Po lytri chum j uniperi num has been u s ed a s  an 
infus ion in trea ting ur inary ob s truc tion s , drop s y , and a s 
a diuret i c  ( Hil l 19 5 2 ) . Ecolog i c a lly , they are s imilar to 
lichens in  b e i ng important s o i l former s .  
The horsetai l s , Equ i s e tum arvense and E .  hyemale , have 
a l so been u s e d  i n treati ng dropsy a nd o ther a i lments such 
as  kidney trouble , ulcer s , and external wounds ( H ill 19 5 2 ) . 
. 
Bunches o f  th e s t ems can b e  u s ed a s  s cour ing utens i l s  for 
polishing metal , particularly ki tchen po ts and pans . 
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There are two spec i e s  of economic importance in the 
club mo s s e s , Lycopod ium c l avatum and � f l abe l l i forme . 
The s e  plants are dried and u s ed a s  s tomach i c s  and d iureti c s , 
arid a l s o  to trea t a i lments ranging from kidney comp l a i nt s  
and di arrhea t o  dy s entery , gout and even s curvy .  Today , 
they are u s ed primari ly a s  a pi l l  powder to preven t p i l l s  
from adhering t o  p i l l  bottles  and boxes ( H i l l  1952}. 
The p s i lops ids , a pr imi tive gro up o f  p l ants lacki ng 
leave s and roots ,  as  yet o f fer no members o f  economi c 
impor tance . The pteridophy tes , or ferns , a l s o  have f ew 
members o f  economic importance . The f i dd l eheads , i . e .  the 
unro l l ed f ronds , of some spec i e s  are edible . They are 
co l l ected and eaten as s ubs t i tutes for a s paragu s and other 
greens . Care should be taken in do ing th i s , becau s e  s ome 
ferns , part i c u l a r ly Pteridium aqui l i nurn , th e bracken fern , 
conta in the enzyme thi ami nas e . Thi s  enzyme des troy s 
thi ami ne ( vi tamin B1}, a nd pro longed u s e  may r e s u l t  i n  
ser iou s d e l e teriou s  e f f e c ts ( H i l l  1 9 52 } . There a r e  few 
other u s e s  repor ted for the hi gher cryptogams . 
PLANT NAMES 
Sci entific Name 
Ac etobacter � 
Agaricus 
bisporous ( Lane } Sing . 
Anab aena spp . 
Armi l l a r i a  






F ami ly 
P s eudomonadaceae 
Agaricaceae 
No s tocaceae 
Agaricaceae 
PLANT NAMES - continued 
Scien ti f i c  Name 
Ascophyl lum 
nodosum (L.) LeJo l i s  
Auricul aria 
auricula L. e x  Sehr t . 
Azotobac ter spp . 
Bacil lus . 
brevis  Mig . emend . Ford 
B. polymyxa ( Pr a zm . ) Mi g . 
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B .  subt°il"i s Cohn emend. Prazm. 
Calva t i a  spp . 
Chlarn.ydomonas spp . 
Cladina 
rangiferina ( L . ) Ha rm . 
Cladoni a. spp . 
Clos tridi um 
botulinum ( van Erm.) Holl. 
Coprinus 
comatus- ( Fr. ) S . F .  Gray 
Corynebacterium 
diphtheriae (F l ug . ) Leh . &  Neu . 
� michiganens e ( Erw. Smith ) Jen . 
Daeda l ea 
quercina ( L . ) F r . 
Daldini a  
Common Name Fami ly 
Jew ' s  ear 
pu f fb a l l 
reindeer 
l i ch en 
Fuc aceae 
Aur i cu l a r i aceae 
A z o tobacteri aceae 
Bac i l l i ac eae 
Bac i l l i a c eae 
Baci l l iaceae 
Lycoperdaceae 
Ch lamydomonadaceae 
C l adoni aceae 
C l adoni a c eae 
botu l i sm Bac i l l aceae 
i nky cap Agar i c ac eae 
mu shroom 




P o ly s t i caceae 
Spha er i aceae 
concent r i c a  ( L. ex F r . ) Ces . &  DeNo t . 
Diplococcus 
pneurno n i a e  Wei ch . 
Ech inodontiurn s pp . 
Equisetum 
arvense L .  
� hyema l e  L. 
pneumonia 
horseta i l  




Equi s etac eae 
Equ i s etaceae 
PLANT NAMES - conti nued 
Scienti f i c  Name 
Erwini a 
amylovo r a  ( Burr . }  Wins t .  
Eug lena spp . 
Everni a 
pruna s tr i  ( L . } Ach . 
Fornes 
fomentari u s  ( L . }  Fr . 
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Common _Name F ami ly 
f i reb l i gh t  Enterobac ter iaceae 
o ak mo s s 
l i chen 
Eugl enaceae 
Usneaceae 
Po l yporaceae 
F .  o f fi c in a l i s  ( Vi ll . ex Fr . )  F au l l  Polyporaceae 
Fucus 
serratu s  L. 
F .  ve s icu l o s u s  L .  
Ge l idi um 
corneum ( Hud . } Lam. 
Lac tobac i l l u s  
bulgari cu s ( Luer . & Kuhn ) H o ll . 
Laminari a 
dig1tata ( L . )  Edm . 
L .  j aponi c a  Ar e s ch . 
L .  s ac char ina ( L . ) Lamour . 
Lycoperdo n spp . 
Lycopodium 
clavatum L .  
L .  f l ab e l l i forme Fern . 
Macrocys t i s 
pyri f era (L . }  C .  Ag . 
Microcy s ti s  spp . 
Morch e l l a  s pp . 
Mycobacterium 
tuberc u l o s i s  ( Zop f _} Leh .& Neu . 
Fuc aceae 
Fucaceae 
aga r-agar Ge l idiaceae 
Lac tob a c il l i acea e  
kelp Lami n a r i a c eae 
ke lp Laminari aceae 
kelp Lami nar i aceae 
pu f fba l l  Lycoperdaceae 
ground pine Lyc opod i a c eae 
runn i ng pi ne 
c l ub mo s s  
s ponge 
mu sh room 
tuber­
c u l o s i s  
Lyc opod i a c eae 
Les so niaceae 
Chroococc a c eae 
P e z i z a c e a e  
Mycob a c t e r i aceae 
PLANT NAME S - continued 
Scienti f i c  Name 
Nei s s er i a  
gonorrhoeae Trev . 
Ni trobac ter s pp . 
Nitro somona s  spp . 
Osc illa tor i a  �pp . 
Penic i l l i um 
cameffiberti Thom . 
P .  ch rysogenum Thom . 
P .  no ta tum We s t l ing 
P .  roque forti i Thom . 
Pisoli thus s pp . 
Pleurotus 
ostreatus ( Ja cq . ) Fr . 
Po lyporu s 
lucidu s Ley s ex Fr . 
P .  sulphureus ( Bu l l . )  Fr .  
Polytrichum 
J Un1per1num Hedw . 
Porphyra 
perfor a ta J .  Agardh . 
P .  tenera K j e l lm. 
Propionib a c t e r i um � 
Pseudomona s 
aerugino s a  ( Sehr . )  Migu l a  
Pteridium 
aqu1 l 1 num ( L. )  Kuhn . 
Puccini a 
grami n i s  P e r s . 
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Common Name F ami ly 
gonorrhe a  Nei s s eri aceae 
Ni trobacteriaceae 
Ni trobact�r i aceae 
Osc i l l atoriaceae 
Camemb e rt Moni liaceae 
chee s e  
pen i c i l l i n  Moni l i aceae 
peni c i l l i n Mon i l iaceae 
Roquefor t Moni l i aceae 
che e s e  
oys te r  
mus hroom 
S c l erodermataceae 
Agar i c aceae 
P o l yporaceae 
c h i cken-o f - P o l yporaceae 
the-wood s 
s ea l et­
tuc e 
purp l e  
l aver 
s o f t  rot 
of potato 
tube rs  
b racken 
fern 
s tem rust 





P s e udonadaceae 
Po lypod i aceae 
Pucc i n i aceae 
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PLANT NAME 
Sci entifi c Name Common Name Family 
Rhi zobium spp. 
Rhodymenia 
pa lmata ( L . ) Grev. 
Rus sula spp . 
Saccharomyces 
cerevi s i ae Hansen 
s .  el lipsoideus Hansen 
s .  pyriformi s Ward 
s .  sake Yabe 
Sa lmonel la 
typhosa ( Zop f . )  Wh ite 
Sarga ssum spp . 
du lse 
Brewers ' 
yea s t  
typhoid 
f ever 
Shige l l a  dysentery 
dy senteriae ( Sh iga .) Cast. & Ch a l. 
Sphagnum spp. peat mos s  
S treptococcus 
lactis ( List . ) Loh . 
Streptomyces 
antib ioticus (Waks.& Wood . )  Wak.s.& Hen . 
S .  aureo faciens Duggar 
S .  erythraeus (Wak.s. ) Wak.s. & Hen . 
s .  gris eus ( Krain s ky } Waks . & H en. 
s .  lavendu lae ( Waks . &  CUrtis ) Wak.s & Hen . 
s .  rimosus S ob i n  et. al. 
S. vene zue lae Ehr._ et. a l. 
Treponema 
pa l l idum ( Schaud .& Hoff . ) Schaud 
Ulva 
---ra<:tuc a L. 
syph ilis 
sea l e t ­
tuce 
Rh i zob iaceae 
Rhodymeniaceae 
.Agari caceae 
S accharomyc etaceae 
S accharomycetaceae 
S accharomyc etac eae 
Saccharomycetaceae 
Enterobacteriaceae 
S arga s s aceae 
Enterobacteri aceae 
Sphagnaceae 







S t reptomyc etaceae 
Treponemataceae 
Ulvaceae 
PLANT NAME S - continued 
Sci enti f ic Name 
Umbi1 ic a r i a  
mamula ta ( Ach . ) Tuck . 
Ustila go 
mayd i s  ( DC. ) Cda . 
Vibrio 
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comma ( S ehr . ) Win s .  e t.  al . 
Volvox s pp . 
* i f  applicable 
Common Name Family 
rock tr ipe Umb i l i car i aceae 
loo s e  smu t U s tilagi naceae 
of corn 
cholera S p i rillaceae 
Volvocaceae 
FUMI TORI ES AND MAST I CATORIES 
Smok ing and chewing have a curiou s h i s to ry . Throughout 
time , man has smoked or chewed various s ub s tanc e s  for p l ea sure , 
for some phys iolog i c a l  e f fec t , i n  connection with r e l i g i ous 
ceremonie s , or s imply to get " h i gh . " Some of the s e  s ub s tances 
are pre fectly harmles s ,  the only bene f i t po s s ibly b e i ng a 
psychologi c a l  one b rought abou t  by the mechan i c a l acts  invo lved . 
Th e  ma j ority o f  s ub s tanc e s  that are chewed or smoked , how­
ever , have some s timu l a t ing or narcot i c  e f fect , due to the 
pre sence of c ertain a lkaloids . The lea s t  harmful o f  the s e  acts 
only as mild s timu l ant and produ c e s  no e f fe c t  on th e consc ious ­
nes s of the user ( H i l l  19 5 2 ). The s e  i nc lude tobacco , bete l , 
cola , and chewi ng gums o f  var ious sources . The smok i ng and/or 
chewing of sub s tances s uch as coca , opium , and c annab i s , on the 
other hand , r e l e a s e  from them s ubs tanc es wh i ch are con s i dered 
to be narco t i c  and in mos t  c a s es detrimen ta l to the u s er . 
The use o f  tobacco ori g i nated from the r e l i g i o u s  prac t i c e s  
o f  the early Ind i ans i n  Central America  and Mexi co ( Brooks 19 5 2 ) . 
The plant spread to Nor th Amer i c a  and was incorpora ted into the 
lives o f  North Amer i can I nd i ans f o r  s imi l a r  reasons ( Rob ert 
1 9 49 ) . Columbus was probab ly the f i r s t wh i te man to note i t s  
use by the I nd i a ns and sub sequently i ntroduced i t  to Europe 
( Brooks 19 5 2 ) . The narcot i c  and s oo th i ng proper t i e s  o f tobacco 
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made i t a popu lar p l ant , both med i c i na l ly a nd recreat iona l ly . 
These s ame charac ter i s ti c s  are re spon s ib l e for i ts rapid 
exploi tati on and d i s s eminat ion throughout the rest  o f  Europe , 
and even to Afr ica , As i a , and Au s tra l i a . 
Today , tobacco i s  an important c ommodi ty throughout the 
wor ld . Some f i f ty s pec i e s  of tobacco a r e  known , but only two 
of these are u s ed commerc i a l ly ( Hi l l  1 9 5 2 ) . Nicot i ana tabacum 
i s the mos t  wide ly used s pec i e s  a t  the pres ent time . Ni cotiana 
rustica is  a sma l l er , hardi er p lant , but , because o f  i t s  harsh 
taste , is  not widely used ( Rob ert 1 9 4 9 ) . 
The proce s s es o f  b r i nging a tobacco c rop to ma rke t  are 
high ly spec i a l i z e d  and thus are a l s o co s t ly .  Becau s e  tobacco 
seed s  are so sma l l ,  they are p l anted i n  s e ed bed s , and the 
seed l ings are l a ter trans p l anted . The f i e ld i t s e l f  mu s t  be 
cultivated a s  the tobacco p lant requi re s a spec i f i c  s oi l type , 
ferti l i z er s , soi l temperature , and mo i s ture ( H i l l  1 9 5 2 ) . Af ter 
the p l an t s  get a good s tar t , the termina l bud is removed i n  
order t o  conc entrate the nutrients i n the l e aves ( Ts o  1 9 7 2 ) . 
The infer ior l eaves are removed . Whe n  fu l ly r ipe , the entire 
plant may b e  harves ted or the l eave s a lone are cut o f f , one 
by one , a s  they mature ( Brook s 1 9 5 2 ) . 
Fo l lowing the harve s t , the p lants or l e aves are a l lowed 
to wi l t  a nd then are suspended in an inve rted pos i tion to be 
cured ( Brooks 19 5 2 ) . 
There are two princ ipa l method s o f  curing : a i r  curing 
and f lue curing . Very br i e f ly , air curi ng is  a s low and 
natura l  proces s carr i ed on i n we l l -vent i l a ted barnes . F l ue 
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curing exploi t s  the u s e  o f  arti f i c i a l  heat and i s  a much 
qui cker proce s s ( Robert 1 9 4 9 ) . 
The proc e s s  o f  c uri ng i nvo lves oxidation in wh i ch the 
leaves lose thei r moi s ture and green co lor and become toughe r . 
Chemic a l  change s occurri ng at thi s time impart many 0 £ ' - th e  
desired qua l i t ie s  t o  t h e  tobacco ( Tso 1 9 7 2 ) . Onc e  cured , the 
leave s are s eparated , f ermented , and aged b e fore further 
process ing . Thi s  proce s s  a lone , dur ing wh i c h  unde s i r ab l e  
qua l itie s a r e  e l imi na ted , may take from s i x  months t o  three 
years ( H i l l  1 9 5 2 ) . 
The cured and aged tobacco i s  f i na l ly graded . Grad i ng 
is based on such cr i teria as the me thod o f  cur ing , the region 
in which i t was g rown , i ts in tended use , t exture , c o l or , and 
qua l i ty character i s ti c s  ( Robert 1 9 4 9 ) . The con s umer may 
purchase the fi na l manu factured produc t in a var i e ty o f  forms , 
• 
wh i ch inc lude snu f f ,  chewi ng tobacco , smoki ng tobacco , c igars , 
and c i garette s . 
The a l ka loi d  wh ich gives tobacco i ts  soothing , narcotic 
ef fect is  nico ti ne ( Ts o  1 9 7 2 ) . However , wh i le tobacco is  a 
source o f  plea sure to many , i t  fou l s  the a i r  o f  pub l i c places , 
wa stes a good deal  o f  productive e f fort , i s hab i t form i ng , 
and i s  l i nked to inc rea s ed ins tance s  of l ung c ancer . The 
smoke , b e s ides contai ning common gases such a s  n i trogen , 
oxygen , and c arbon d i oxide , a l s o  conta ins sma l l  quant i t i e s  o f  
po i s onous s ub s tanc e s  s u c h  a s  carbon monoxide , hydrogen s u l f ide , 
hydro cyani c  ac id , and ammoni a ( T so 1 9 7 2 ) . The a lk a l o i d  
nico tine i s  a l s o  l ethal t o  mos t  i nsects  and , cons eque n t l y , i s 
used as a cont a c t  poi son i nsecti c id e  ( H i l l  1 9 5 2 ) . 
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Tobacco i s eas i ly the mos t  widely used fumi tory ; however , 
as a mas ticatory i t  i s  far surpas s ed by the betel nut . I t  h a s  
been e s t imated tha t  over 400 , 000 , 000 peopl e  chew b e t e l  nut s  
( Hi l l  195 2 ) . Thi s  may be a r e f l e c tion o f  i t s  origin . A 
native o f  Ma l ay s i a ,  th i s  p l ant i s cul tivated in mo s t  o f the 
places where it i s  u s ed exten s ively . The hab i t  o f  chewing 
betel nuts is i ndu l ged in from Zan z ibar to India ,  Burma and 
Ma lays i a , southern Ch ina , the Eas t I nd i e s  and Phi l ippines , 
al l o f  whi ch are o f . great popu l a tion . The s imp l e s t  and mo s t  
widely u sed me thod i nvo lve s the u s e  o f  three ingred ients : 
betel nuts , betel leaves , and l ime . The nuts are the s e ed s  
of  the bete l - nut pa lm ( Areca c a techu ) , and the l eave s a r e  
obtai ned from the betel pepper ( P iper b e t le ) . U s ua l ly , s l i c e s 
of ripe or s emi ripe nuts are p l a c ed i n  the mouth and chewed 
wi th the bete l leaves , wh ich have f i r s t  been smeared wi th 
l ime ( Hi l l  1 9 5 2) .  
Betel nuts are chewed by a l l  c la s s e s  o f  peop le and at 
any time . Mos t  o f ten , however , they are chewed a f ter d i nner 
a s  a breath sweetener . As y e t , no d e leterious e f fects o f  
chewi ng betel nuts are known . I n  fac t , they may even aid in 
diges tion ( Hi l l  19 5 2 ) . 
I n  tropi c a l  Afri c a  and the ad j acent Sudan , the s eeds o f  
the co l a  tree ( Co l a  ni t i da ) are u s e d  extens ive ly a s a 
mas ti catory .  The s eed s , whi ch are marke ted fresh , are usua l ly 
chewed a lone wi thout the addi tio n  o f  o th er ingredi ents . The 
u s e  of co la nut s  resu l ts in s l i gh t  s timu l ation and a tempor-
ary increa s e  in vi gor . The s e  e f fect s are due to the comb i ned 
actions of the a lka loi d, c a f f e i ne and the e s s enti a l  o i l and 
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glucos ide, ko lanin . I n  young seeds , the ko lanin tends to 
act a s  a heart s t imu l ant , but o ld s eeds lose the i r  kolanin , 
and so are l e s s  i nvigorating ( Hi l l  1 9 5 2 ) . The chewi ng o f  
co l a  nut s  h a s  n o  othe r deleter iou s  e f fects , and doe s  not e f fect 
con s c iou s ne s s . 
Al though co l a  nut s  and b e te l  nut s  share the fame o f  b e i ng 
chewed by th e large s t  numbers o f  peop l e , chewing gum a lone i s  
the mos t  impo rtant in monetary terms . Each year mi l l ions o f  
do l l ars are s pent j us t  to adverti s e  thi s  commod i ty . 
The a c t  o f  chewi ng gum ha s  a long and f a s c i nat i ng h i s tory . 
Exactly when and where thi s act  deve l oped i s  unknown . 
Hendricksons ( 1 9 7 6 )  s tates that Mayan c u l ture s chewed what i s  
known a s ch i c l e  a s  ear ly a s  the s e cond c en tury . Ch i c l e  i s  a 
term that r e f e r s  to a mi lky latex tha t , wh en bo i l ed , y i e lds a 
coagu l ated gum that i s smooth and a lmo s t  ta s te l e s s ( Hendrick­
son 19 7 6 ) . Ch i c l e  may be extrac t ed from many spec i e s  o f  trees , 
but i t  i s  b e l i eved that the May ans used the c r e amy l a tex o f  
the s apod i l l a tree ( Achra s s apo ta ) t o  ob tain the i r  chewi ng gum . 
One can s urmi se that onc e the d i s covery was mad e , i t  wa s pa s s ed 
on to nei ghboring peopl e s , who ,  perhaps due to a lack o f  that 
spec i f i c  tre e , d i s covered sources of th e i r  own . 
I n  Nor th Ame r i c a  th e wh i te s ett lers were i ntroduced to 
chewi ng gum by the Indi ans . They uti l i z ed s evera l spec i e s  o f  
spruc e ( P i c ea ) , tha t p roduc e a r e s i n  wh i ch can b e  made i nto a 
chewing gum . Th e pri nc i pa l  p roducers o f th i s  r es i n  gum are 
bl ack �pruce ( P i c ea mar i ana ) and red s pruc e ( P i c ea rubens ) . 
I t  was f rom the s e  two s pecies tha t  the spruce gum i ndus try 
evo lved . 
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Joh n Curti s wa s the f i r s t  to make chewing gum commer-
ci a l ly ( Hend r i ckson 197 6 ). Curti s made the gum by throwi ng 
spruce re s i n  i nto a k e t t l e  and boi l i ng it to the cons i s tency 
of th i ck mol a s s e s . The bark and o ther impur i t i e s  were then 
skimmed o f f  to leave a pure , refi ned produc t . Lard or grea s e , 
or pi tch and s ap , and sometime s sugar were added to increa s e  
the vo lume and make the mi xtur e thicker . When the right con-
si stency was obtained , it wa s poured out on a s lab and cut 
into pi eces for marke ti ng .  Curti s went from rags to r i ches 
in a very short t ime , and hi s son , John Bacon Curti s , carr i ed 
on the trad i t ion . John B acon Curti s inve nted a number o f  
machi ne s for mak ing gum that formed th e b as i s  o f  a l l  gum mak-
ing machine s  o f  that era ( Hendri ckson 197 6 ). 
Since then , numerou s fortune s , i nc ludi ng tha t o f  Wi l l i am 
Wri g l ey , Jr . , have been made produc ing and s e l l ing chewing 
gum . There h ave a l so been a number o f  chang e s  i n  the mak ing 
of chewing gum . Today , men and women i n c lean wh i te uni forms 
hand le the operations invo lved i n mak ing chewing gum . 
Al though the exact formu l a , a lway s a highly guarded s ecret , 
may be d i f ferent for each chewing gum , mos t  are manu factured 
in e s s enti a l ly the s ame way . F i r s t , the crude mater i a l s  are 
ground into a coarse mea l  and spread on hot trays  to r emove 
exces s mo"i s ture .  The s e  i ngre d i ents are then s team cooked i n 
large kett l e s  a t  2 4 0 degre e s  unti l they achieve a th i ck , 
syruppy cons i s tency . Thi s  s teri l i z ed syrup i s  then f i l tered 
through fine me s h  s c reen s , c entr i fuged , and then f i l tered 
again through u l tra - f ine vac uum s trainers to remove foreign 
ma tter and impu ri t i e s . Next , th e me l t ed gum i s  parti a l ly 
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coo l ed and piped into mixi ng kettles . The next s tep ,  the 
addi ti on o f  sugar , i s  the mos t  d e l i c a t e . The parti c l e  s i z e  
o f  s ugar u l tima tely ef fects the br i t t l ene s s or f lexib i l i ty 
of the f inal product . For thi s reason , mos t manu fac turers 
use pu lve r i zed sug ar that is f i ner than the powdered sugar 
ava i l ab l e  on th e marke t . Al so a t  th i s  s tep, other i ngred i ents 
such as corn syrup , g lucos e , natura l or art i f i c i a l  f l avorings , 
vegetab l e  oi l s , etc . are added . The s e  i ngred i ent s are added 
to retain moi s ture and f l exibi l i ty . They mus t  be added at 
exactly the ri gh t time and cooked for an exact amount o f  t ime . 
F rom the mi xer s , the now fragrant mas s  o f  gum i s  pa s s ed 
onto coo l i ng b e l ts and into machine s  tha t , i n e f f ect , knead 
the gum i nto a smoother texture . The gum i s  now ready to 
chew . B e fore i t  i s  put on the ma rk e t  though , i t i s  pas s ed 
through a machine ca l led a " loa f cutter . "  In  thi s  proc e s s , 
the gum i s pa s s ed throu gh a s e r i e s  o f  ro l l ers tha t  reduc e i t  
to the correct thi ckne s s , and then chops i t  i n to large sheet s , 
and scores the sheets in the form for wh ich i t  i s  intended . 
F i n a l ly , in one continuous proc es s ,  the sheets o f  gum 
are broken i nto s t i ck s , aluminum fo i l and paper wrappe rs are 
appl i ed to each , and they are ga thered and s e a led in a i rtight , 
mo i s ture proo f packages re ady for th e market ( Hendr i ckson 19 7 6 ) . 
New d i s cover ies  o f  natura l chic l e  s ub s t i tutes accompani ed 
th e s e  change s . Hendr ick son ( 19 7 6 )  s ta te s  that i n the S apo ta ceae 
fami ly a l one , there are th i r ty- f ive g enera and 6 00 spec i e s  that 
may b e  used as s ub s ti tutes i f b l ended corre c t ly . Even though 
the s e s ub s ti tates exi s t , today ' s  chew i ng gum indus try u s e s  
ch ic l e  a n d  o ther natural l atexe s l e s s frequently every year 
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( Hendri c k son 1 9 7 6 ) . They are repl aced by synthe t i c  p l a s t i c s  
that wer e  d eve loped duri ng th e chi c l e shortages crea ted b y  
World War I I . Accord ing t o  Hendr i ckson ( 1 9 7 6 ) , Wri g l ey i s  
one of the few companie s tha t  s ti l l  u s e s  ch ic l e . 
Some p l ants tha t are u s ed a s  fumi tor i e s  or ma s t i cato r i e s  
contain a l ka l oi d s  wh i ch are narcot ic ,  that i s , they du l l� the 
s ens es , re l i eve pai n ,  or i nduc e s l eep . P l ants that conta i n 
narco ti c  alkaloid s wh ich are re l ea s ed when chewed or smoked 
inc lude coca , opi um , c annab i s ,  peyote , o l o l iuqu i , caapi ,  and 
many other s . Each produces a character i s ti c  phy s i o l og i c a l  and/ 
or psycho logi ca l e f fect ( s ) . When u s ed wi th d i s cr e t i on , many 
of the a l k a loids have been proven to be i nva luab l e  as med i c i -
na l s . Other s i n  s u f f i c i ent quant i t i e s  may b e  fatal , and s ti l l  
other s  may b e  s imp ly i ntox i c a t i ng . A deta i l ed d e s c r ip tion o f  
th ese e f fects i s  pre s ented i n  the medi c ina l , po i s onous and 
ha l l ucinogen i c  s e c t i on s  of thi s  paper . 
PLANT NAMES 
Sc i enti f i c Name 
Achra s  sapo ta L .  
Areca catechu L .  
Co l a  ni tida ( Ven t . )  A .  Chev . 
Nicot i ana r u s t i c a  L .  
N .  tabacum L .  
Pi cea ma r i ana ( Mi l l . )  B S P . 
� rubens Sarg . 
Pipe r b e t l e  L .  
Common Name 
s apod i l l a  
b e t e l  nut 
p a lm 
c o l a  nut 
tobacco 
tobacco 
b l ack 
spruce 
r ed s pruce 





S t e rcu l i aceae 
S o l anaceae 
So l anaceae 
P i naceae 
P i naceae 
P iperaceae 
S P I CE S  
I n  today ' s  wor ld l i t t l e  though t i s  g i ven to the spices we 
use in f l avori ng food s . At one time , however , the al luri ng 
scent and f l avor o f  spices i n s p� red men to s a i l uncharted s ea s 
in ques t o f  the s e condiments . Though i t s  o r i gi n  i s  buri ed 
deep in antiqu i ty , the spice indus try has served man in every 
known era of h i s tory . 
Mos t  s p i c e s  are ind i genou s to the ho t , d amp tropi c a l  
regions o f  s outhern Ch ina , I ndone s i a , S ri Lanka , and the Spice 
I s l ands o f  the Ea s t  I ndie s ,  Java , S uma tra , and the Mo luc c a s  
( Chartwe l l  Books 1 9 7 9 ) . There a r e  thre e , however ,  that a r e  
native to the new wo r ld : a l l spice ( P imenta o f f i c i na l i s  o r  
!:..:_ racemo s a ) ,  r ed pepper ( Caps i cum frutescens ) ,  and vani l l a  
( Vani l l a p l ani fo l i a ) ( Ro s engar ten 1 9 6 9 ) . Many o th er spi c e s  
have been i ntroduc ed and adapted t o  the we s tern h emi s phere , 
but in genera l , very few wi l l  grow we l l  under a r t i f i c i a l  
condi tion s . The s e  s p i c e s , toge the r wi th c i nnamon ( C i nnamomum 
zey l an i c um ) f rom S ri Lanka and c love s ( Eugen i a  c aryophy l l ata 
or Sy zygium a roma ticum ) , nutmeg and mac e  ( Myr i s ti c a  fragran s ) 
compri s ed the pre c i ou s  cargo carr i ed on the h a z ardous land and 
sea rou tes b e tween the e a s tern Medi terranean and Europe ( Chart-
wel l Books 1 9 7 9 ) . 
By 46 0 B . C .  the Greeks and Romans were mak i n g  l avi sh u s e  
of the s p i c e s . They are repu ted a s  th e greate s t  i ndu l ger s o f  
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spice usage i n  the wor ld . They were used for every th i ng from 
scenting o i n tments and baths , and f i l l i ng pi l lows to s ea soning 
and garni shing meal d i shes . They were even u s ed i n  bartering 
and could b e  used as a medi um o f  exchange ( Chartwe l l  Books 1 9 7 9 ) . 
Thi s s ta t e  o f  a f fai rs remained e s s en ti a l ly the s ame unti l 
the Dark Age s . A t  thi s time s pi c e s , and many other facets o f  
life , took a downward turn . They were e s s ent i a l ly i gnored for 
hundred s of  year s unti l the Cru s ad e s brought a new way of l i f e  
remini s c en t  of t h e  Roman t ime s . S p i c es ,  and l i fe in genera l , 
f louri shed aga in .  I t  was a mark o f wea l th to be ab l e  to 
pres ent a colorful  and s avory d i s p lay o f  food s  garni shed wi th 
spices . 
Through a l l  o f  thi s , tho s e  who supp l i ed the merchants and 
the wea l thy , the midd l e  men , were getting r i c h  quick . They 
foo led the i r  buyers w i th l i e s  and my th i c a l  l egends of the 
habi tats o f  the s e s pi c e s , s ay ing tha t  they we re found only in 
the damp , dark swamps of i nterior A f r i c a  and were often guarded 
by enormous bat- l ike b i rd s  ( Parry 1 9 53). 
Continued c on f u s i on and de liberate conce a lment about the 
ori gin of s p i c e s  set the s tage for an era of exp loration . One 
of the f i r s t  of the exp l orers was Ma r c o  Polo , who j ourneyed to 
China and r e turned wi th a for tune i n  s i l k s , j ewe l s , and mo s t  
impo rtant l y , s p i c e s . He was trea ted wi th skepti c i sm , and for 
another 2 0 0 years Europeans c on t i n u e d  to pay the exorb i tant 
pric e s  impo sed by the midd le men . 
Fina l ly , t i r e d  o f  pay i ng th e s e  p r i c e s , the E u r o p e a n  
na t i o n s  s e t  out to s e a r c h  f o r  t h e  S p i c e  I s l a n d s  via s e a exp l o r a -
ti on . The r e s u l t  wa s a ver i t ab l e  r a c e  to f i n a n c e  voya g e s  
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to dis cover and c aptu re the l and s wh ich y i e l ded th e s e  ri ches . 
One wi l l  remember from hi s tory that the f i r s t  on s laught s were 
made by Spain and Portugal . The s e  countri e s f i nanced such men 
as Diaz , Va sco da Gama , and Co lumbus . Be fore long , the Dutch 
and Eng l i sh were a l s o  i n the race . 
Wi th so much pro f i t  a t  s take , riva l ry hei ghtened to the 
point of war b e tween many of th e European na tion s . As a 
resu lt , mo s t  o f the spi c e  produc i ng areas came under the 
in f luence o f  the B r i t i s h , French , o r  Dutch . By the end of  the 
eigh teenth c entury , however , the Dutch company had gone bank-
rupt . Th i s  l e f t  on ly th e  F rench and Bri ti sh to monopo l i z e  the 
spice trade ( Parry 195 3 )  • 
Acro s s  the At l anti c , Amer i ca wa s recoveri ng from her mos t  
recent war for ind ependence . Eager to gain f a s t  prof i t s  and 
e s tab l i sh her s e l f  a s  a wor l d  power and center o f  trade , Amer i c a  
j oined th e race . W i t h  f a s t  and we l l  equ ipped s h i p s  l e f t  over 
from the war , Amer i c a  opened trade wi th the Ea s t  Indi es . I t  
wa s no t long unti l the f i rs t  Amer i can fortun e s  were being mad e . 
Today , mos t  o f  our spi c e s s t i l l  come f rom the Eas t I nd i e s . 
Gre at quanti ti es are s ti l l imported from Ch i na , Japan , and 
the Mo lucca or Spi c e  I s l and s . I nd i a  s ti l l s uppl i es mos t  o f  
the world ' s  mac e , pepper , s a f f ron ( Croc u s  s a tivus ) , and gi nger .  
Al l spi ce r ema ins the ma j or s pi ce o f  the we s tern hemi sphere 
coming from the B r i t i s h  Wes t I nd i e s  ( Ro s engarten 196 9 ). 
Throughout the d i s c us s io n  o f  s p i c e s  the que s tion may have 
pre sented i ts e l f  to the reader , j u s t wh at is a spice ? Th i s  i s  
not a que s ti on w i th a readi l y  ava i l ab l e an swer . Th e c l a s s i f i ca-
tion, and even th e d e f in i tion , of  s pic e s  is  a controver s i a l  
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matter . One o f  the prob lems wh ich ari s e s i s  tha t spi c es are 
often con fused , a nd perhaps j us ti f i ab ly so , wi th herb s . Both 
are derived from vari ou s par t s  of aroma t i c  p l ants ; i nc lud i ng 
seeds , f l ower s ,  leave s , s terns , roots , bark , and fru i t s  
( Loewen f e ld and B ack 1 9 7 4 ) .  Wh i l e the re a r e  no s tr ic t  botan i -
c a l  de fi n i tion s  t o  s tate th at one i s a s p i c e  and th e o ther i s-
an herb , a f ew b a s i c  d i s tinction s  are that herb s  are usua l ly 
fresh and impart mi ld f l avor s , whi l e  s p i c e s  are dri ed , and 
have a s tron g t a s te o f  their own wh ich i s  impar t ed to the food . 
To put i t  more succ inc t ly , herbs are f l avori ng agen t s  wh i le 
spices are s e a s on i ng o r  " spic ing " agents , i f one can draw such 
a f ine d i s tinction .  I t  mus t a l so be kept in mind that the terms 
"herb " and " sp i c e " are not s c i enti f i c in or i gin and as s uch are 
sub j ec t  to change as are the trad i tion s  in wh i ch they are us ed . 
Con s equent ly , the re are s everal po s s ib l e  ways i n  whi ch to 
clas s i fy spices . One way would be to group them accordi ng to 
the plant pa rt u s ed . For examp l e , dried f lowe r  buds wou ld 
inc lude c love s ; frui t s  would inc lude a l l spic e , b lack pepper 
( P iper n i grurn) , ch i l i s , nutmeg ,  and vani l la ; underground s terns 
would cons i s t  o f  g inger ( Z ingiber o f f ic ina l e ) , hor s e rad i s h  
( Armoracia ru s t i cana ) , and turmer i c  ( Curcurna longa ) ; b ark 
wou ld refer to c a s s i a  ( C innamornurn c a s s i a ) , and c i nnamon ; and 
seed and s e ed l i k e  s tructures wou ld cover ani s e  ( P irnpi ne l l a  
an i s um ) , caraway ( Carurn carvi ) , c ardamon ( E l e t tari a carda-
momum ) , cori ander ( Co r i andrum s a tivurn) , cumin ( Curninum cyminum ) , 
di l l  ( Ane thurn graveo lens ) ,  fenugreek ( Tr i gone l l a  foenum -
graecurn )  , mu s tard ( B r a s s i ca ni gra or � a lb a ) , poppy ( Papaver 
somni ferurn} , and s e s ame ( S e s amum i ndicum )  ( Ro s engarten 1 9 6 9 ) . 
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They cou ld a l so be grouped ac cord i ng to thei r properti es . 
Under thi s  sys tem the c a tegor i e s  might be : s t imu lat ing spice s , 
like b l ack pepper , caps i cum pepper s , gar l i c  ( Al l ium s a tivum ) , 
hor s eradi sh , .. and mus tard ; aromati c spi ces  such a s  ani s e , cara-
way , cardamon , c i nnamon , cumin , c love s , d i l l , and s e s ame ; and 
sweet herb s  l i k e  bas i l  ( Oc imum ba s i l i cum ) , chervi l ( Anthr i scus 
ceri fo l i um ) ,  fennel ( Foeni culum spp . ) , �ars l ey ( Petros e l i num 
· cri spum ) , and s age ( S a lvia o f f i c i na l i s )  ( Ro s engarten 1969) .. 
Another me thod o f  arrang ing the spices  wou ld be according 
to the botan i c a l  fami l i e s  to whi c h  they belong . For examp l e , 
the Umb e l l i ferae o r  car rot fami ly inc ludes ani s e , caraway , 
cel ery s e ed ( Apium graveo l en s ) ,  chervi l ,  cori ander , cumin , d i l l , 
fennel , and pa r s l ey ; the Labi a tae contains ba s i l , mar j oram 
( Or iganum ma j orana ) , mint ( Mentha spp . ) ,  oregano ( Oreganum 
vu lgare ) , ros emary ( Ro smar inus o f f i c inal i s ) ,  s age , and thyme 
( Thymus vu lgar i s ) ; and the Z ingib eraceae wh i ch i nc ludes carda-
mon , ginger , and turmer i c ;  etc . ( Parry . 1 9 4 5 ) . Wh i le th i s  sys t em 
re l i eve s the prob lem o f  the many amb igui ties o f  the o ther sys tem ,  
i t  convey s l i tt l e  to anyone b ut the trained botani s t . 
To s imp l i fy the pre s entation o f  thi s ma ter i a l , thi s paper 
wi l l  con s ider both s p i c es and herb s und er the b road and gener a l  
head ing s o f  spices . A s  wi th a l l s ec tion s  of th i s  paper , the 
spec ies are l i s ted at the end wi th the i r  corre sponding f ami l i e s . 
The u s e  o f  s p i c e s  as  cond imen t s  i n  cook ing i s  we l l  known . 
Les s  we l l  known , perhaps , i s  the i r  u s e  a s  medi c i na l s  and c o s ­
me t i c s . Unti l a r e l a tive ly recent t ime , spices were the ma in 
source o f  a l l co smet i c s  { Loewen f e l d  and Back 1 9 7 4 ) . Rec ipes 
for mak in g the s e  natura l a ids were h anded down from generation 
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to genera tion . Mos t rec ipes i nvo lved the i nfus ion o f  the 
spice in water or o i l .  When th i s  wa s done the a c t ive princ i -
ples with in were r e l ea s ed and ac ted d i rectly on the skin , 
clearing s pot s , pimp l e s , and re f i ning i t ,  accordi ng to the 
spice used . Today ,  methods of synth e s i z ing thes e  proper t i e s 
have made their u s e  a s  co sme ti c s  ob so l e te . 
As med i c i na l s , s p i c e s  have p l ayed an important ro l e  i n  
the survival o f  man . Today, the s e  u s e s  are a l so near ly ob s o lete . 
In ear l i er time s , howeve r , the i r  h ea l i ng power s  were much 
re spected . I t  was common knowl edge tha t  wounds cou ld be hea l ed 
ef fectivel y  wi th agrimony ( Agrimon i a  eupa tor i a ) and c omfrey 
( Symphytum o f f i c i n a l e ) ( Loewen f e l d  and Back 1 9 7 4 ) . Di sorder s  
of the urinary tra c t , b ladder , and k i dney s  wer e  a l s o  re l i eved 
by various wi l d  berri e s , leaves ,  and f l ower s . Other reme d i e s  
inc lude chamomi l e  ( Anthemi s nob i l i s ) , comfrey ,  a n d  t h e  hor s e-
ta il s  ( Equi s e tum s pp . ) , wh ich were u s ed for cough s , colds , and 
sore mouth , eye s , and ears  ( Ros engarten 1 9 6 9 ) . Def i c i ency 
di seases such as s curvy were a l s o correc ted wi th preparations 
of ro se h i p s  ( Ro sa s pp . ) , b i lberr i e s  ( Vacc i nium myr ti l lus ) , 
chi ckweed ( S te l l ar i a med i a ) , and many o thers ( Loewen fe ld and 
Back 1 9 7 4 ) . S t i l l  oth e r s  have found h e l p  for d i abetes through 
the use o f  s t inging ne t t l e, ( Ur t i  ca  s pp . ) , dande l i on ( Taraxacum 
offi c ina l e )  , and teas made o f  b i lberry l eave s and e l derberry 
( Sambucus c anadens i s  or S .  pubens ) ( Loewen f e ld and Back 1 9 7 4 ) .  
The hea l i ng powers o f  the s e  p l ants  apparent ly l i e  in con s t i tu-
ents such as a lka loids , g lycosid e s , e s s enti a l  o i l s , vo l a t i l e  
oi ls , mi nera l s , trace e l ement s , protein ,  etc . Some a l k a l o i d s  
produce a s timu l a ting e f fect on t h e  nervou s sy s tem , whi l e 
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others are needed to s timu la te lowe r d ig e s tive g land s wh i ch 
in turn a id in d i g e s t ion and con s equen t ly s t imu late the 
appeti te .  The e f fect of subs tanc e s  known as g lyco s i de s  are 
main ly anti - i n f l amma tory and antipyr e t i c . S aponins are a 
parti cul ar type of  g lycos ide whi ch h ave a c l eans ing , diuretic , 
and expec torant i n f luence on the s y s tem . 
The e s sentia l and vo l a t i l e  o i l s  are the sub s tanc e s  whi ch 
impart th e var i ou s fragrances to th e  sp i c e s . They a l s o . i n­
crea se th e production o f  whi te b l ood c e l l s  thus improving the 
circu l ation of the b l ood to the s k i n , and are thought to pro-
mote per spiration , soo the i n f l ammat i ons and pos s es s bacter i -
cidal and d i s in f ec tant qua l i t i e s . 
Some o f  th e mi nera l s  pre sent i n  s p i c e s  are in the form o f  
inorganic s a l t s . Tw o  o f  these are pota s s ium ,  which acts  a s  a 
diuretic , and c a l c ium which i s  impor tan t i n  bone forma ti on . 
Others are i n  the form o f  s a lts  o f  organ i c acids  such as  c i tric 
and oxa l i c  a c i d s . The s e  sub s tanc e s  c an i ncrease res i s tance to 
infec t ion , in f luence the b lood count , a nd act e f fectively a s 
laxatives ( Loewenfeld and B ack 1 9 7 4 ) . 
Tab l e  1 provi des general  i n forma ti on about some o f  the s e  
plants . 
TAB LE 1 - Spi ce tab le l i s ti ng some cor.rrnon spi c e s  and the i r u s e s . 
( Revi s ed f rom Loewen f e ld and Back 1 9 7 4  and Chartwe l l  Book s 1 9 7 9 ) 
NAME PARTS OF P LANT 
Agr imony Leaves 
USES 
I n fu s ion for cough s , c o ld s , 
arthr i ti s , rheuma t i sm : for 
w a sh ing wound s . Ant i s epti c 
b l ood ; puri f i er ,  d i u r e t i c . 
NAME 
Al l spice 




PART OF PLANT 
Dried berry 
Who le dried s eed 
B er r i e s  
Leaves 
Who l e  dried seed 
US ES 
I n  s tock for poach ing 
mea t  and f i sh . Ground , 
i n  b e e f  and g ame c a s s e­
ro l e s . Crushed in s auer­
kraut and cabbage di shes . 
Who l e , i n frui ts . Ground , 
i n  cakes , buns , b i scuits 
and i n  baked sponge pud­
d i ng . 
Ri ch mea t  d i shes , such as 
c a s sero le s  o f  har e  or 
pigeon . I n  s a lad dre s s ing . 
With s tewed app l e s  and 
f ru i t  p i e s , c akes , bread . 
B i lberry tea . Infusion o f 
l eaves for d i abete s ; 
ber r i e s  for dy s entery , 
uri nary c omp laints . 
Pou l ti c e  o f  l eaves for 
u lc er s . 
I n  Hungari an gou lash , rich 
game , meat and o f f a l  di shes 
to o f f s e t  f a t t i ne s s .  
F l avor i ng i n  some chee s e s . 
Wi th baked app le s , caraway 
cakes ( s a id to a id diges ­
ti on ) , i n  cakes , breads , as  
garn i sh . Eaten on bread 
and butter . 
NAME 
Cardamon 
. chamomi l e 
Chi l i s  
Ch i ckweed 
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PART OF P LANT 
Dri ed s eed in 
capsu l e s . 
F l ower s  
Who l e  d r ied pod s 
Who l e  herb 
USES 
I n  curry powder .  I n  
pi c k l i ng vegetab l e s . 
I n  Ind i an r i c e  d i shes . 
Wi th s tewed frui ts . 
Added to b lack c o f f e e . 
I n  Dani sh p a s tr i e s , and in 
cakes and buns ,  e spec i a l ly 
gingerbread • 
Chamomi l e  tea . I n f u s ion 
for toothach e , d i g e s tion , 
toni c ,  constipat ion , s team 
bath for s k i n  troub l e s . 
I nha l a t i on for c a tarrh s 
and colds . 
I n  h i gh ly- spi c ed Mex i can 
di shes , i n beef c a s s ero l e s , 
on meat for gri l l ing or 
barb ecue . Wi th s ea food , i n  
pick l i ng s pi c e s . I n f u s ed 
in o i l  and vinegar for 
s a l ad dres s ing s . As a 
garn i s h  for eggs and chee s e  
di shes . 
Young l eaves a s  vegetab l e  
l i ke spi nach . Chopped, i n  
s a l ad s . Ointment for ski n 
d i s ea s e s . P ou l t i c e  for 
rheuma t i sm ,  s t i f f  j o ints . 
Decoc t ion o f  f r e s h  p lant 
for con s tipation ,  diuretic . 
NAME 
Cinnamon 




PART OF PLANT 
Dr ied i nner bark 
Cas s i a  buds , 
d r i ed leaves . 
USES 
C i nnamon s t i ck s in pick­
l i ng . Groun� sprink l ed 
on mea ts for gri l l i ng . 
Garn i sh to ma shed potatoes 
and cream soups . Wi th 
s t ewed frui t s , i n wi ne and 
a l e , wi th frui t s a l ad , 
spr ink l ed on pudd ing s and 
r i c e . In cakes , bun s , 
cook ies . C a s s i a l eaves in  
curr i e s . 
Dri ed unopened bud . S tudded i n ham .  To pickle 
mea t s uch as pork or bee f . 
I n  pi ckl i ng vegetab l e s , a s  
garn i sh t o  ma shed pota toes 
and cream soups . Decora­
t ion s  for ch i ldren ' s  con fec­
tions , such as eyes and 
buttons on gi ngerbread men . 
Ground, in cake s and cook i es . 
Roots , S ta l ks , 
Leaves , F l owers 
Roo t s  cooked as asparagus . 
Young l eaves in s a lads , 
cooked a s  spi nach . Dr ied 
l eave s and f l ower s added to 
cooked vegetab l e s . I n f  us ion 
made from l eaves and root . 
U s ed fresh for bronch it i c 
colds , pneumoni a ,  dysentery . 
Arr e s t s  interna l b l eeding . 
Pou l ti ces , l iqu id decoct ion 
or o i ntment for spra i ns , 
brui s e s , swe l l ings , arthr i t i s , 
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PART OF PLANT 
Dri ed s e ed 
D r i ed s e ed 
Leaves , Roo t 
B e rr i e s , F lower s , 
Root s  
USE S  
In c a s s ero l e s , s tu f f ings , 
cur r i e s . O f ten i n spiced 
sausages and mea t loaf , i n 
th ick vegetab l e  soup , app le 
p i e , cake , f ru i t  breads . As 
garni sh on egg and chees e 
d i s he s . 
An i ngred i en t  o f  curry 
powder and ch i l i s ea soning . 
With cream che e s e  i n  dips . 
Ground, i n  fru i t  p i e s  and 
rye bread . 
Leaves boi l ed a s  vegetab l e s , 
raw for s a l ad s , wine . Roots 
ro a s ted and ground a s  a 
co f fe e  s ub s t i tute . I n fus ion 
o f  l eave s  for l iver com­
p l a ints , laxative , tonic , 
di abe te s , rheuma ti sm , 
arthr i ti s .  Ju i c e  f rom 
leaves for s k i n  di s ea ses , 
los s  o f  appet i t e . 
E lderberry tea , wine . Wi ld 
fru i t  sub s ti tute for cur­
rent s . Elder f l ower tea . 
Berr i e s  for neura l g i a . 
I n fu s ion o f  f l owers for 
colds , i n f luen z a , tonic , 
too thache , b ronch i a l  a i l ­
ments , s edative , d i uretic . 




Hor s etai l 
Mace 
Min t  
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PART OF PLANT 
Who l e  dr i ed s e ed 
Fresh or d r i ed 
rhi z ome 
Young shoo t s  
D r i e d  o u t e r  she l l  
o f  nut 
Leaves 
USES 
Who l e , i n  s tock for poaching 
f i sh . Ground, i n meat c a s s e­
ro l e s , curries and s a uc e s . 
S eed s u sed to f lavor imi ta­
tion mapl e  syrup . 
I n  pic k l ing . I n  curr i e s  
and mea t di shes . Who l e  
root to make gi nger b eer . 
I n  j ams and s tewed fru i t s . 
I n  cakes and cook i e s , 
e spec i a l ly g i ngerbread and 
g i nger snaps . 
Cooked l i ke a sparagus or 
to s s ed i n  f lour and f r i ed . 
I n fus ion for anemi a , sore 
throat , h emorrho i d s , che s t  
complaints , diureti c . 
Whol e ,  i n  soups a nd c a s s e­
ro l e s , w i th pork , vea l and 
s aus age . In fru i t  pres erve s 
and s tewed fru i t s . Ground, 
i n  frui t s a l ads and on mi lk 
pudding s , in cakes , cook i e s , 
and i n  r i c e , egg and chee s e  
di shes and wi th root vege­
tab l e s . 
F l avoring s , sweet and s avory 
foods , mint tea . I n fus ion 
for ind ig e s tion , s timu lant . 
NAME 
Mus tard s eed 
Nettle 
Nutmeg 
Pepper , b l ack 
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PART OF PLANT 
Who l e  s eed s o f  
b lack or wh i te 
mus tard 
Young l eaves 
D r i ed kernel 
D r i ed peppercorn 
U S E S  
I n  pick l i ng meat a n d  f i sh , 
i n f i sh d i shes , c a s s e ro l e  
o f  pork , vea l , r abb i t . I n  
vege tab l e s  and s auces , and 
i n egg and chee s e  di shes . 
As boi l ed vegetab l e , raw 
in s a l ad s , f l avor i n g . 
Nettl e tea . I n f  u s  ion for 
l iver , ga l l  b l adde r . 
Arrests  b leedi ng . B l ood 
pur i f ier . 
Grated i n to f i sh cake s , 
f i sh s auc e s , and wh i te 
chicken d i she s . Grated 
over l ima b e an s , potatoe s , 
c abbage , egg and chee s e  
d i sh e s . O n  puddin g s , 
c u s tards , i c e  c ream . I n  
s tewed fru i t , cakes , 
cook i e s . 
Who l e  peppercorns for 
p i c k l i n g  and in boi l i ng 
mea t and f i sh and i n  
mar i nade s . Ground, i n  a l l  
" dark " mea t s , mo s t  vege­
tab l e s , egg and chees e 
d i shes , s a l ads and s a l ad 
dre s s i ngs .  
NAME 
Pepper , whi te 
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PART OF P LANT 
Dr i ed inner 
peppe rcorns 
Who l e  d r i ed se ed 
Frui ts 
Who l e  d r i ed 
s trand s 
Who l e  d r i ed s eed 
USES 
Who l e, in pi ck l ed meat s 
and f i sh . Ground, i n  
wh i te f i s h  a nd pou l try 
d i s h es ,  in cream soups , 
whi te s auce s , egg a nd 
chee s e  d i sh e s . 
I n s ome curr i e s  and r i c e  
d i shes . U s e d  to g ive 
nut ty texture to cre am 
chee s e  dips and spread s ,  
egg and chee s e  di sh e s . 
To garni sh vege tab l e  s oups . 
Who l e  s e ed s pr i nk l ed o n  
bread , buns , b i scu i t s . 
Ro sehip tea , syrup , w i l d  
frui t .  Source o f  Vi tam i n  C ,  
Infus ion for toni c , sooth ing , 
dy s entery , f ema l e  di sorde rs , 
d iuretic , k idney a i lments . 
A powe r f u l  c o l or i ng . U s ed 
i n  r i c e  d i sh e s and w i th f i sh . 
Good i n chee s e  and egg d i shes  
and in cream o f  vege tab l e  
soup s . I n  s a f fron cakes  and 
buns . 
I n  creamed f i sh d i sh e s and 
chi cken . In che e s e  d i p s , 
cream soup s  and veg e tab l e s . 
As toppi ng to frui t .  
Spr i nk l ed on b r ead , buns 
and b i scu i ts .  
NAME 
Thyme 
Turmeri c  
Van i l l a  
PLANT NAMES 
Scienti f i c  Name 
Agrimonia 
eupator i a  L .  
Al l i u m  
s a t1vum L .  
Anethum 
graveo lens  L .  
Anthemi s 
nob 1 l i s  L .  
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PART OF PLANT 
Leaves 
Ground yel low 
rh i zome 
Dr i ed pod or 
pure extract 
USES 
F lavo r i ng sweet and 
s avory foods . I n fus ion 
for d i g e s tion , bronch i a l  
a i lment s . 
I n  mo s t  curr i e s  and i n 
r i c e  and f i s h  d i shes . 
Adds color to egg and 
chee s e  d i shes . E s s entia l 
i n  mus tard pi ck l e s . Used 
ve ry spar i n g l y  to color 
cakes and buns . Too much 
w i l l  g ive a b i tter tas te . 
I n  s auc e s , pudd ings , i c e  
c r e am , cus tards . Who l e  
d r y  pod s a r e  mor e  s ub t l e  
than extrac t .  Vani l l a  
sugar u s ed i n  a l l  baked 
good s , f i l l i ng s , fros tings , 
toppings and baked pudd ings , 
espec i a l ly wi th choco late . 
Common Name Fami ly 
agr imony Ro s a c eae 
gar l i c  Li l i aceae 
di l l  Umb e l l i ferae 
chamomi l e  Compo s i tae 
PLANT NAMES - contin ue d  
Sc i enti f i c  Name 
Anthriscus 
cerefo l ium ( L . ) Ho f fm . 
Armorac i a  
rusticana Gaertn . e t . a l. 
Bras s ic a  
a lba ( L . ) Rabenh . 
� ni gra ( L . ) Koch 
Caps i cum 
frutescens L .  
Car um 
carvi L .  
Cinnamornum 
ca s s i a  B lume 
� z ey l an i cum Nees 
Coriandrum 
sativum L .  
Crocu s 
sat ivus L .  
Cumin um 
cymi num L .  
Curcuma 
longa L .  
E l ettari a  
c a rdamornurn ( L . ) Maton . 
Equ i s e turn spp . 
Eugeni a 
caryophy l la ta Thunb . 
Foeniculum s pp . 
Mentha spp . 
Myr i s tic a 
fragrans Hou t t . 
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Common Name 
ch ervi l 
hor s erad i s h 
Whi t e  mus tard 
b l ack mu s tard 
green pepper , 
chi l i , cayenne 
caraway 
cas s i a  
c i nnamon 
co ria nder 




hor s e tai l s  





Umbe l l i f erae 
Cruc i f  erae 
Cruc i f  erae 
Cruc i ferae 
S o l anaceae 
Umb e l l i f  erae 
Lauraceae 
Lauraceae 
Umb e l l i f e ra e  
I ridaceae 
Umb e l l i ferae 
Z i ngiberaceae 
Z ingiberaceae 
Equ i s etaceae 
Myrtaceae 
Umb e l l i f e r a e  
Lab i a ta e  
.Myr i s t i caceae 
PLANT NAME S- con t i nued 
Sc i en ti fi c Name 
Myri s t ica 
fragran s Routt . 
Oc imum 
ba s i li cum L .  
Origanum 
ma J orana L .  
� vu l gare L . 
Pa paver 
somni f erum L .  
Petros e l inum 
cri spum (.Mil l . ) Man s f . 
Pimen ta 
officina l i s Lindl . 
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P .  racernosa ( Mi l l .) J .  W .  Moore 
Pimpi nel l a  
an i s um L .  
P iper 
n igrurn L .  
P iper 
nigrum L .  
Rosmarin u s  
officina l i s  L .  
Salvia 
offic ina l i s  L .  
Sambucus 
canadens i s  L .  
� pubens Michx . 
Ses amum 
i ndicum L .  
S tel l aria 
media (L . ) Cyr . 
Common Name Fami ly 
nu tmeg Myr i s ti caceae 
b as i l  Lab i atae 
mar j oram Lab i atae 
oregano Labi atae 
poppy seed Papaverac eae 
par s e ly Umbe l l i ferae 
a l l spic e Myrtac e a e  
a l l sp i c e  Myrtaceae 
a n i s e  Umbel l i ferae 
b l ack pepper P i peraceae 
wh it e pepper Pi peraceae 
ro seh ips Rosaceae 
ro s ema ry Lab i a tae 
s age Lab i a tae 
e l_derb erry Capr i fo l i aceae 
elderberry Capr i fo l i aceae 
s e s ame Peda l i aceae 
ch i ckweed Ca ryophy l l aceae 
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PLAN'!' NAMES - conti nued 
Scienti f ic Name Common Name 
Symphy tum comf rey 
o fficina l e  L .  
Syzygium c loves 
aromati cum ( L . ) Mer r . & Perry 
Taraxacum dandel ion 
o f f 1 c 1 n a l e  Weber . 
Thymus thyme 
vu lgar i s  L .  
Tri gone l l a f enugreek 
foenum- graecum L . 
Urtica spp . nettle 
Vaccinium b l ueberry 
myrti l lu s  L .  
Vani l la vani l l a 
p l an i fo l i a  Andr . 
Z i ngiber g inger 
o f f i c i na l e  Ros e . 
Fami ly 
Bora g i naceae 
Myr taceae 
Compo s i tae 
Lab i atae 
Legumi no s a e  
Urt i cacea e  
E r i caceae 
Orchidaceae 
Z i ng iberaceae 
POI SONOUS P LANTS 
It i s  an accepted opi nion that pr imi tive man s ub s i s ted 
by hunting and ga the r i ng wi ld p lants . As a cons equence o f  
th i s  mode o f l iving , he  l earned , l arge ly through tri a l  and 
error , tha t  s ome p lants coul d nouri sh him , whi l e  o thers could 
ki l l h im . S ome plants cou ld make h im i l l , wh i l e  others cou l d  
cure him or r e l i eve pa in . S ti l l others could produce a l tered 
s tates o f con s c iousne s s . 
The rema inder o f  thi s paper wi l l d e a l  wi th the s e  l a tter 
aspects , name l y  po i s onous, h a l luc i noge n i c , and med i c i na l p l ants . 
Many p l a n t s  may serve a s  a l l  three depend ing on the amount or 
dos age and preparation invo lved . Also , many of the a c t i ve 
pri nc i p l e s  o f the p lants are th e  s ame a s i n  o ther p l a n t s  o f  
the s ame and/or r e l at ed fami l i e s . I n  an a t tempt to e l imi nate 
repeti tion , a parti c u lar p l ant wi l l  be d i s cu s s ed i n  only one 
s ec tion , and i t s  o the r a ttributes wi l l  be b r i e f ly ment ioned 
at that t ime . 
Th e  know l edge o f  po i s onous p l ants  dates b ack to pr imi tive 
man , as has b e en s tated .  The f i r s t  We s terne r s  to s tudy th i s  
aspec t o f  l i f e ,  a s  o n e  mi gh t gues s , were th e Greeks and Romans . 
Th eir know l edge , in turn , was pa s s ed a long to th e northern 
Europeans . Con s equently , the re corded ob s erva t io n s  o f  the 
Greeks and Romans are re f l ec ted in many o f the s eventeenth 
century European herb a l s  ( K l e i n  1 9 7 9 ) . Herb a l s  were ( a re ) 
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books that were wr i tten about p l ants r e l a t ing to med i c ine . 
Toward the end o f th at c entu ry , books concerning only 
po i sonous plants we r e  wri t ten . Mos t  o f  t�e written works o f  
that time wer e  done b y  a s e l e c t  f ew who were educa ted . Tho se 
who recal l the h i s tory of the perio d  know that the language 
o f  an educated per son was La t i n . Cons equent ly , a l l  the s e  
works were wri tten i n the La ti n l a nguage . Ma j or advances  were 
made in the ei ghteenth century, when the e f fort wa s made to 
convert the s e  books from La tin i n to the language o f  common 
u s e  in an attempt to make i nforma tion on poi s onous p lants 
avai l ab l e  to the pub l ic . The e i g h teenth century was a l s o  the 
period wh en ch emi s try a s  a s c i en c e  was born , and chance 
ob s ervati on was rep laced by exper imen ta l  i nve s ti ga tion . 
The i n troduc ti on o f  chemi s try a s  a s c i ence i n  the Uni t ed 
States fo l lowed , and cour s e s  i n  chemi s try , bo tany , and geo logy 
were a lmo s t  immedi a te ly o f fered by the lead i ng co l l ege s . The 
experimenta l approach , common ly re ferred to as the " s c i enti f i c  
me thod " ,  did not ga i n  momen tum , however , un ti l  for thcoming 
decades . I t s  prima ry impe tus wa s g a i n ed i n  1 9 6 2  wi th th e 
e s tab l i shment o f  th e Department o f  Agri c u l tur e  ( Ki ngsbury 1 9 6 4 ) . 
The ma j or conc ern a t  that time wa s wi th the e f fe c t  o f  poi sonous 
plants on anima l s . S i nce then , o th e r  prob l ems , for examp l e  
human po i sonings , h ave b een g i v en increas ing a ttenti on . 
Th e growi ng concern over p l ants tha t  po i s on has invo lved much 
experimentation , o f ten requi ring the work of  botani s ts ,  
chemi s ts , vet eri nar i ans , and many other spec i a l i s ts . For 
th i s  reason th e determination of the par t i cu l ar po i s on i nvo lved 
and the plant from which it c ame i s o f ten a di f f i c u l t task . 
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I t  shou ld be obvious tha t  the app l ic a t ion o f  herbar i um s p ec i -
mens and recorded fo l k lore t o  th i s  prob l em i s  very h e l p fu l . 
At th i s  poi nt i t  wi l l  be b ene f i c i a l to no te exact ly what 
a poi son i s , a nd s ome o f  the cond i tions nec e s s ary i n  order to 
determi ne the toxi c i ty and s u s c ep ti b i l i ty o f  organi sms to 
poi sons . I n  genera l , a po i son i s  any s ub s tance wh ich , whe n  
introduc ed i n to a l iving s y s tem , chemi c a l ly induc es some form 
of ind i s po s i tion wi th i rri tant , narcot i c , or nervous s ymptoms 
that lead to i n j ury or death ( Brooks and Jacobs 1 9 5 8 ) . Poi son-
ous plants the n , are thos e  p l an t s  tha t , under norma l cond i t i on s , 
produce or c onta in s uch poi sons or tox ic subs tanc e s  i n  s u f f i c i ent 
quantity a s  to c a u s e  s uch i ndi s po s i tion s  in anima l s , i nc l uding 
man . 
The tox i c i ty ,  i . e .  the mi nimum amount o f  a sub s tance 
required to produce the s e  e f fects , of a p l an t  may b e  d ependent 
on factors s uch a s s oi l ,  c l imate , and whe the r th e  p l an t  is wi ld 
or c u l tivated . I n  genera l ,  wi ld p l ants have h i gher concentra-
tions of a lk a loids and g ly co s ides  than c u l t iva ted ones ( Long 
19 2 4 ) . P l ant parts wh ich h ave b e en wi l ted or d r i ed a l so have 
higher conc entration s :  of the toxi c  p r inc i p l e . The soi l f a c tor 
i s  interes t i ng i n  th at not only do h i gh conc entrations of  
certain minera l s  in the soi l cau s e  the p l ant to be toxi c , but 
de ficienc i e s  o f  soi l minera l s  may also cause prob l ems , because 
the def i c i ency i s  pas s ed o n  to the con s ume r organi sm . The 
consumer organi sm ' s d e f i c i ency in turn may permi t  a pr evious ly 
nontoxi c  s ub s tance to become tox i c . Furthermore , wi th i n a 
parti cu l ar p l an t  the toxic sub s tance may be f ound throughout , 
or i t  may be loca l i z ed i n  a spec i f i c  par t  o f  the p l an t . For 
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examp l e , th e b l ade o f  a rhuba rb p l ant ( Rh eum rhapon ticum )  
is poi sonous , wh i le the s ta l k  or petio l e  i s  ed ible . 
The quantity o f  poi s on tak en and the mode o f  poi soning 
are , of course , d irec tl y re l a ted to the e f fec ts produced . 
Admi ni s trati on o f  a poi son i ntravenou s ly or s ubcutaneou s ly i s  
more e f fective than oral admi n i s tration ( Brooks and Jacobs 
19 5 8 ) . Th e l a tter i s i ndi re c t  and i n f luenced by the amount 
of food i n the s tomach . Th e former i s , o f  course , di rec t and 
re s u l ts occur very rap i d ly . Sus ceptib i l i ty i s  o f ten dependent 
on age and hea l th . Obvious ly , a hea l thy adu l t  wi l l  be l e s s  
susceptib l e  than a ch i ld or a s i c k l y  person . I t  i s  pos s ib l e 
to develop a tol erance to certain poi sons through repea ted 
dos ages . Such repeti tion , however , may be hab i t  forming , and 
the type of to l erance acqu i r ed i s  not ab s o lute . I n  mos t  cases 
where poi s ons are concerned , a to l erance cannot be acqui red 
( Brook s and Jacob s  1 9 5 8 )  . 
There are many ways i n  whi ch p l ant poi sons may be de-
scribed and/or c l a s s i f i e d . Thos e  mo s t  f r equently used are 
based on the fami l i es o f  p l a n t s , the chemi c a l  na ture and 
properti e s  of the tox i c  pri nc i p l e , the phy s i o logica l action 
of the poi son on the body , and the symptoms whi ch are produced . 
The chemi c a l  nature o f  the poi son probab l y  provides the mo s t  
useful  informati on . Thi s  type o f  i n forma t i on i s  mo s t  helpful  
for the deve lopment of  anti - toxins and other med i c i n a l  
derivative s  o f  po i s on s . Unfor tuna t e l y , s ome toxins  cannot be 
i sol ated . The phy s i o logical  a c ti on o f  a poi son on an 
organi sm may be of d i agno s t i c  importance becaus e of  the 
spec i f i c e f fect i t  produces . Whi l e  th i s  i s true , some p l ants 
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may have comp l ex e f fe c t s  due to more than one toxi c s ub s tance , 
or poi sons from di f f erent p l ants may ove r l ap to produce 
simi l ar phy s i o logi c a l e f fects . The symptoms produced are 
a l so d i f f icul t  to deal wi th as they may mimi c the symptoms 
produced by var i ous i l l nes s e s . I t  i s  evident , then , tha t a l l  
�· 
.'· 
of the se methods mus t  be cons idered . 
The s imp l e s t  and mos t  conveni ent c l a s s i f i cation o f 
poi sons i s  a con s iderati on o f  the phys i o l og i c a l  action the 
po i son has on the ind ividua l . Ac cord i ng to Brook s and Jacob s  
( 1 9 5 8 ) , there a r e  three way s  i n  whi ch a po i son can a f fect the 
body : 1 )  corro s ive poi s ons ; 2 )  irri tant po i son s ; and 3 )  sys-
temi c po i sons . Corro s i ve poi s on s  are thos e  wh ich , by the i r  
dire c t  a c t ion , d e s troy t h e  ti s s ue wi th whi ch they come in con-
tact . Oxa l i c  acid , for examp l e , is a corro s ive poi son . There 
are two type s  of i rr i tant poi sons ; tho s e  whi ch cause the 
i n f l amma tion o f  the mucous membranes , and tho s e  wh i ch cause 
derma ti t i s . Sy s temic poi s on s  a c t  on the nervous s y s t em or 
other organs o f  the b ody wi thout having i r r i tant or corros ive 
ef fec ts .  Th i s  l a t ter c a tegory may b e  further s ubdivided i nto : 
a )  b lood poi s ons , s uch a s  c a s tor bean ( Ri c i nu s commun i s ) , 
b l ack locus t ( Rob in i a  p s eudoacac i a )  , and prec a tory b ean 
( Ab rus precator i u s ) ; b )  neural po i sons such a s  the opi um poppy 
( Papaver somn i f erum ) , j imson we ed ( Da tura s tramon i um ) , and 
henbane ( Hyo s cyamus n i g e r ) ; c )  neuro-mu s c u l a r  po i s ons l ike 
Digi ta l i s  purpurea ; and d )  mu s c u l a r  poi sons s uch a s  tho s e  
found i n  s pec i e s  o f  Ver a trum ( Muens cher 1 9 4 3 )  . 
P l ants caus ing a l l ergies , derma ti t i s , and photos ens i ti z a -
ti on a r e  examp l e s  of c l a s s i f i c a tion by symptoms . Al l er g i e s  
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such a s  hay fever o r  a l l ergi c rhi n i t i s  are mo s t  common and 
are caused by wind-borne po l l en and/o r  the s pore s  of fung i 
( Tippo and S tern 1 9 7 7 ) . I n  th i s  c a s e , prote ins  in the po l l en 
or fungal spores  damage the nas a l  memb ranes . The damaged 
memb ranes produce h i s tami ne s  whi c h  c a u s e  the g l and s of th�· 
nos e  to s ecrete f luids and r e l ax th e mu s c l e s  o f  the b lood 
ves s e l s . Th i s a l low s  mo re permeab i l i ty and hence more s ecre-
t ion of  f luids ( Tippo and S tern 1 9 7 7 ) . Wi l s on e t . a l . ( 1 9 7 1 ) , 
repor t  that three hay f ever s ea sons are recogni z ed , and each 
has  spec i es who s e  po l l i nation per iod s coincide wi th f l are-ups 
of  hay fever . The early par t  o f spri ng i s  one o f  the s e  
sea son s .  Dur i n g  thi s  t ime the u s u a l  causal  agent i s  tree 
po l l en . Among the tre e s  c oncerned are the e lms ( U lmus spp . ) , 
poplars  ( Popu l u s  spp . ) ,  b i rches ( Be t u l a  spp . ) , oaks ( Quercus 
spp . ) ,  h i ckori e s ( Carya spp . ) ,  ashes ( F raxinu s spp . ) , and 
sycamore s  ( P l a tanus spp . ) .  Gra s s e s  are th e primary cau s a l  
agent s  i n the late  spr i ng and ea r l y  s ummer . Among t h e  mor e  
important spec i e s  are Kentucky b luegra s s  ( Poa prate ns i s ) , 
timo thy ( Ph l eum pratense ) ,  and B e rmuda g ra s s  ( Cynodon dacty l on ) . 
La te summer and f a l l i s  another time when hay fever v i c tims 
are h i t  hard by po l l en produ c t ion . Dur i ng th i s  s ea s on the 
ragweed s . ( Amb ros i a tr i f ida and A .  ar temi s i i fo l i �  are the po l l en 
producer s . Anti h i s tami nes appear to be the only source o f  
re l i e f  fo r t h e  hay fever vic t im . Ant ih i s tami nes e f fe ct ive ly 
counter the r e l e a s e  o f  h i s tami ne s , thus returni ng the mem-
b ranes to the i r  natura l cond i tion ( Tippo and Ste rn 1 9 7 7 ) . 
Caution mu s t  be regarded i n  the u s e o f  antih i s tami ne s ,  how-
ever , s i nc e they o f ten cause drows i ne s s  and o ther s id e  e f fects . 
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Mere contact w i th some plants may produce a s k i n  d i s ea s e  
known a s  derma ti t i s . Derma ti t i s  i s  an i r r i tati on or i n f l am-
mation of the s k i n  whi ch may l a s t  a few day s , but can per s i s t  
for s eve r a l  week s ( Muen scher 1 9 4 3 ) . Po s s ib ly the mo s t  common 
occurrenc e o f  thi s  type of po i s oni ng in the Uni t ed S t a te s i s 
due to poi so n  ivy ( Toxi codendron radicans ) .  Thi s  p l ant y i e lds 
the ye l l ow vo l a t i l e  o i l ,  uru s h i o L whi ch c au s e s  derma t i t i s  upon 
contac t ( Muenscher 1 9 4 3 ) . Dermati t i s  i s a lmo s t  enti r e ly l imi t-
ed to man , i . e .  contact po i soning is rare in anima l s  othe r 
than man ( Kingsbury 1 9 6 4 ) . 
Some p l ants cause a phenomenon termed " photo s en s i t i v i ty "  
in anima l s . I n  the s e  i n s tanc e s  certain s ub s tances i n  thes e  
pl ants s en s i ti z e s  the anima l s  to l i ght , s o  that they d eve l op 
symptoms upon exposure to l i gh t ( Ki ng sbury 1 9 6 4 ) . Th is 
phenomenon h a s  b e en re l ative ly we l l  s tudi ed , and i t  i s k nown 
th at the symptoms wi l l  occur only i f th e fo l lowi ng cond i tions 
are met ; 1 )  the anima l  mus t be whi t e  or unpigmented , 2 )  the 
anima l mu s t  e a t  a s u f f i c i ent quanti ty o f  the p l an t  i n  qu e s tion , 
and 3 )  the anima l mu s t  be expo sed to sun l i gh t . Anima l s  thu s  
a f f l i c ted s u f f er abnorma l ly red patches o f  s k in accompani ed by 
i tch i ng . Thi s i s  u s ua l ly fo l lowed by nec ros i s of the s k i n  i n  
a f fec ted par t s  ( Kingsb ury 1 9 6 4 ) . The exac t mechani sm by wh i ch 
photo s en s i ti z a t i on occurs is no t yet known . Howeve r , the 
b a s i c  re a c tion i s  though t to be one o f oxidation , wh ich i s  
enhanced by s u n l i ght . Fur th ermore ,  evi denc e sugge s t s  th a t  the 
sensi tivi ty to l i gh t is due to the pres enc e of a pi gmen t  wh ich 
is  no t norma l ly fou nd th ere . Appa rently , prote i n s  such a s  
h i s tid ine , tryptophan , and tyros ine , form the s ub s trate i n  
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whi ch the oxida ti on reaction takes p l ace ( Ki ngsbury 1 9 6 4 )  • 
Thi s r e s u l t s  i n  c e l lular damage or a l terations o f the c e l l 
membrane wh i ch i n turn a l low the organi sm to become hyper-
sensi tive to l i ght . P l ant s wh i ch cause photo s en s i ti z a tion 
include buckwhea t ( Fagopyrum s a g i ttatum) ,  S t . Johnswort 
( Hypericum per£ora tum ) ,  l echugu i l la ( Agave l echegui l l a ) , panic  
gras s ( Panicum spp . ) , Oa ts ( Avena s a t i va ) , a l fa l fa ( Med icago 
sativa ) , sma r tweeds (Polygonum s pp . ) , and c l over s ( Tr i f o l ium 
spp . ) . 
The chemi c a l  nature and tox i c  pri nci p l e s  o f  po i sonou s  
plants are s t i l l poorly under s tood . Howeve r , a s  previ ous ly 
s tated ,  thi s  sy s tem proposed by Kingsbury ( 1 9 6 4 ) remai ns a 
us e fu l  sys tem o f  c l a s s i f ication . One o f  the mos t  widely d i s -
tr ibuted groups a re the alkaloid s .  The ma j or res earch 
i nteres t in a l k a l oids i s  in th e i r  impo rtance in med i c i n e , 
wh i ch wi l l  be d i s cu s s ed later . Alka l o ids a r e  s econdary p l ant 
products whi ch compr i s e  a group of non vo l a ti l e poi sons tha t 
are basi c in reaction ( S chu l tes and Ho fmann 19 8 0 ;  Kings-
bury 1 9 6 4 ) . Some 5, 000 have been di s covered i n  p l a n t s , and 
though th ey a re typical ly organ i c  and n i trogenous , very l i tt l e  
more i s  known about th e ch emi ca l s t ruc ture o f many alka l oi d s . 
Th e mechani sm o f  a l kaloidal po i s oning , i n  s p i te o f  intens ive 
res earch , is a l so poorly unders tood . S ome a lk a l o i d s  may b e  i n  
the form o f  a s timu l ant , wh i l e  o thers may c a u s e  con s tri c t i on 
of mus c l e s, and s ti l l  o thers ar e pa in k i l l e r s  ( S chu l t es 1 9 7 6 ) . 
Furthermore , some may caus e a re a c tion i n  an organ i sm wh i l e  
oth� r s  may no t ( Ki ngsbury 1 9 6 4 ) . The s ame a lka loid may be 
tox ic to one organ i sm a nd non tox i c to anothe r . At any r a te , 
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mo st produc e  a s trong phys io log i c a l  reaction wh ich i s  usua � ly 
exerted on the centra l  nervou s  sys tem , and re f l ec ts a l terations 
in contro l o f  c e l l u l ar func tions o f  the brain and the per ipheral 
nerve network ( King sbury 1 9 6 4 ) . Qui te frequently , the name of  
an  alka loid is  deri ved from the gener i c  or s peci f i c  name o f  
the plant from whi ch i t  has  been extrac ted . Such name s are 
of ten us e l e s s  a s  they te l l  l i ttl e of the chemic a l  s tructure of 
the compound . An attempt i s  pr e s ent ly being made to correct 
thi s practice . Fo l lowi ng i s  a l i s t  o f  some o f  the toxi c  
alkaloid s , a nd the p l ants whi ch contain them : 
Alka loi d 
Atropine * 
Hyoscyami ne * 
Scopo lomine * 
Pyridine 
I soquino l ine 
Indo le 
Solanidine 
Vera tr ami ne 
* Tropane a lka loids 
S c i enti f i c  Name 
Atropa b e l l adonna 
Datura s tramonium 
Hyos cyamus niger 
Coni um mac u l atum 
Lob e l i a  s pp . 
Nicotiana tabacurn 
Coryda l i s spp . 
Di c entra cucu l l a r i a  
Papaver s omn i f  e rum 
S anguinar i a  c anaden s i s  
C l avi c eps purpurea 
Peganum harma l a  
Lycoper s i cum e s c u l entum 
S o lanum s pp . 
Vera trum s pp . 
Z i gadenu s 
Common Name 
be l ladonna 
j imson weed 
henbane 
poi son hemlock 
I nd ian tobacco 
tobacco 




Afr i c an rue 
toma to 
po tato , n i ghtshade s  
f a l s e  he l l ebore 
death c ama s 
Alka loid 
Delphinine 
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S c i enti f i c  Name 
Acon i tum spp . 




Another group of p l ant po i s on s  d i s t i ngu i shab l e  by the i r 
toxic pr i nci p l e s  are the g lycos ides . G lycos ides are chemi c a l  
compounds cons i s ti ng o f  one or more sugar mo l e cu l e s  a ttached 
to one or more other compound s wh i ch are termed aglycones 
( Ki ngsbury 1 9 6 4 )  . They are much l ike a l ka loid s  i n  tha t  they 
are nonvo l a t i l e , b i t ter , have marked phy s i o log i c a l  e f f e c t s  
on anima l s  a n d  man , a n d  a r e  important i n  both tox i co logy and 
medicine . They d i f f e r  from a l k a l oid s  i n tha t  they a re non -
ba s i c  i n  re a c t ion , and the amount accumu l a ted i n the p l a n t  i s  
dependent upon envi ronmental fac tors and fac tors s uch a s  
geneti c s , a g e  o f  the p l an t , and plant par t . The term 
gluco s ide i s  o f ten u s ed synonymou s ly wi th g lycos ide ,  b u t  
shou ld be res erved for a parti cular type o f  g lycos ide i n 
which the s ugar compon ent i s  glucose ( Ki ng sbury 1 9 6 4 ) . 
I t  has  been determi ned tha t  tox i c i ty i s  a fun c ti on o f  
the aglycone c omponent ( Ki ng sbury l 9 6 4 ) . A great var i e ty o f  
compound s s erve a s  ag lycone s i n  g lycos ides . Con s equently , 
there are s evera l kinds o f  g lyco s i de s  whi ch i nc lude cyano-
genetic glyco s i de s , goi trogeni c  s ub s tance s , irritant o i l s , 
coumarin g lyco s id e s , and s te r i od g lyco s i de s . 
The cyanogene t i c  g lycos i des are tho s e  whi ch y i e ld hydro-
cyani c acid ( HCN ) . The g lyco s ide amygd a l i n  i s  one o f  the 
mo s t  common , and i s  o f ten found in members o f  the Ro s acea e 
( Bamford 1 9 5 1 ) . The g lycos ide i t s e l f  i s  not  tox i c . P o i soning 
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i s  due to the HCN component whi ch i s  typi c a l ly i n  higher 
conc entration i n wi l ted , fros ted , or  s tunted p l ants { King s -
bury 1 9 6 4 ) . I t  may be noted tha t  rumi nant anima l s  tend to be 
more s u s ceptib le to thi s type o f  poi soning than monogas tr i c  
animal s . Hydrocyanic acid a c t s  by inhib i ting the enzyme , 
cyto chrome oxidase ( Ki ngsbury 1 9 6 4 ) .  Th i s enzyme i s  a termi -
nal re s p i r atory cata l y s t  whi ch l i nk s a tmo s pheric oxygen wi th 
me tab o l i c  respiration . I ts inh ib i tion by HCN r e s u l t s  in 
death due to asphyx i a tion . Fo l lowi ng i s a l i s t  of p l ants 
wi th cyanogenet ic potenti a l : 
S c i enti f i c  Name 
Hydrangea spp . 
Linum spp . 
Manihot e s cu lenta 
Pha s eo l u s  lunatus 
Prunus s pp . 
Pyrus ma l u s  
Sorghum s pp . 
Tri fo l ium repens 
Tri g l och in s pp . 
Vic i a  s a t iva 




c a s s ava 
l ima b ean 
cherri e s  
app l e  
sorghum 
wh ite c lover 
arrowg ra s s  
vetch 
mai z e , corn 
Goi trogen i c  s ub s tances i n p l ants are a l s o  c l a s s i f i ed as 
g lyco s id e s . Thes e s ub s tances , when pre s ent in s u f f i c i ent 
quanti ty , i nhib i t the thyroid f rom accumu l a ting iodine and 
thus re s u l t  i n  the formation o f  a goi ter . The go i trogenic 
fac tor s  a r e  th i ooxa z o l idone and th i ocyana te , wh ich are found 
in many s pe c i e s  and var i e t i e s  of B r a s s i c a  o l eracea . The s e  
factor s c a u s e  hyperp l a s t i c  enla rgement o f  th e thyroi d and 
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symptoms o f  hypo thyroi d i sm . I n  mo s t  c a s es, the i r  e f fects can 
be count�red by addi ng approp r i ate amounts o f  iod i ne to the 
di et ( Ki ngsbury 1 9 6 4 ) . The fo l lowing spe c i e s  and va rieties  
contain goi trogen i c  compound s : 
Scienti f i c Name 
Beta vulgari s var. c i c l a  
B .  caulorapa 
B .  a lb a  
B .  nigra 
B .  acephala 
B .  rapa 
B .  o l eracea var. botry t i s  
var. c a  pi t a  ta 
var. gemmi f era 




whi t e  mus tard s eed 
b lack mus tard seed 
k a l e  
turnip 
brocco l i  
c abbage 
brus s e l  sprouts 
rutabaga 
Other p lants tha t  contai n  goi trogeni c s ub s tanc e s  inc lude soy 
bean ( Gyc i ne max ) and f l ax ( Li num us i ta ti s s imum ) . 
The i r ri tant o i l s  are a l so found i n greate s t  abundance 
i n the s eeds of various memb e r s  of the Cruc i ferae . They ex i s t  
in the p l ant i n  g ly c o s i d i c form and are r e l e a s ed upon the 
en zymatic b re akdown of the g lycoside . The o i l  thu s der ived i s  
capab l e  o f  caus i ng s er i ous i n j u ry i f  i nge s ted i n  s u f f i c i ent 
quanti ty . Chemi c a l  ana ly s i s  shows tha t the active fracti on 
of the o i l s  are i sothiocyana tes wh i ch are very s im i l a r  to the 
goi trogenic sub s tances i n the Cruci ferae ( Ki ngsbury 1 9 6 4 ) . 
Among th e spec i e s thought to b e  respon s i b l e  for thi s type o f  
poi son ing are hors erad i sh ( Armorac i a  l apath i fo l i a ) ,  whi te 
mus tard ( Bras s i c a  a lb a ) , I nd i an mu s tard ( B . j uncea ) , charlock 
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( �  kaber ) , wi ld rad i s h  ( Raphanus raphani s trum ) , and fanweed 
( Thlaspi arvense ) . 
S everal  genera in the fami ly Ranunc u l aceae a l so have 
irri tant properties  whi ch are due to g lyco s i d e s . The g lyco-
side ranunc u l i n  breaks down to y i e l d  an ag lycone component 
cal led protoanemonin ( King sbury 1 9 6 4 ) . Thi s component is a 
vo lati l e  o i l whi ch tends to induce i rri tant e f fects . P l ants 
produc ing th i s s ubs tanc e i nc lude Ac taea spp . ( baneberry ) , 
Anemone spp . ( anemone ) ,  Ca l tha pa lus tri s (marsh mari g o ld ) , 
and Ranunculu s s pp . ( buttercup ) . 
There are s evera l g lyco s ides whi ch are modi f ica tions o f  
coumari n . However , only three o f  the s e  produce poi soni ng . 
Ae scu l in found i n the genus Ae s c u l u s  ( horseche s tnut , buck eye s ) 
and daphn i n  found i n the genus Daphne are two o f  the s e . The 
toxi c i ty of thes e  g lyco s ides i s not yet c l ear . The sweet-
c lovers (Mel i lotus a lba and M .  o f f i c i na l i s )  on the other hand , 
contain a couma r i n  der ivat ive wh i ch , upon s po i l age , i s  con-
verted to d i coumar in .  Thi s compound has been found to reduce 
the b lood proth romb i n  l evel and caus e the b l ood to become 
incapab l e  o f  c lo tting ( Kingsbury 1 9 6 4 ) . Hence , hemorrhag ing 
occurs in vic t ims who have inges ted the s e  p l an t s . 
The s ter i od g lycos ides are compo s ed o f  ag lycones  wh i ch 
are o f ten toxi c by thems e lves . The sugar component i n  th i s  
ca s e  may b e  important i n  a l tering o r  determi n i ng the a c tivi ty 
of the g lyco s i de . On th i s  b a s i s , s teroid g lyco sides may be 
divided i n to tho s e wh i ch po s s e s s  the ab i l i ty to s timu l ate 
the heart and thos e  wh i ch do no t . The forme r are r e f e rred to 
as cardi a c  g lyco s id e s , and the l a t ter are termed s aponi c 
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glyco s ide s or s apogen i n s . 
Some 4 0 0  cardiac g lyco s i d e s  have been i s o l a ted , mos t o f  
whi ch are l imi ted to three p l ant f ami l i es , the Scrophu lari ac eae ,  
the Li l i aceae , and the Apocynacea e ( Ki ngsbury 1 9 6 4 ) . As yet , 
none o f  the se have been synthe s i z ed , and their mechani sm o f  
action i s  unknown . However , they have been used i n med i c ine 
for the i r  abi l i ty to s trengthen the action of a weakened heart , 
par ti cularly Di g i tal i s  purpu r e a , the foxg love . Other p l ants 
contai ni ng c ardi ac g ly c o s i d e s  are Apocynum spp . { dogbane ) , 
Nerium o l eander { o leander ) , and Conva l ar i a ma j a l i s  { l i ly-of­
the-va l l ey )  • 
S aponins are , a s  s tat ed , the nonc ardi oactive g lycos ides . 
They are typica l ly l arge mo lecu l e s  whi ch form a c o l loida l 
solution and produce a nona lk a l i ne , soapy fro th when shaken 
in water . The s aponi n  content o f  a p l ant i s  dependent on the 
part of the plant , the sea son , and the s tage of growth of the 
plant . I t  i s  b e li eved tha t  the toxi c i ty o f  s aponins  i s  due to 
thei r des truc tive forc e  upon erythrocytes . Alone , s aponins 
are no t read i ly ab s o rbed i nto th e b lood s tream through the 
diges t ive trac t . They mu s t  b e  accompani ed by a subs tance wi th 
irri tant proper t i e s  s u f f i c i ent to cause i n j ury to the inte s ti ­
nal wal l and permi t ab sorpti on { K i ng sb ury 1 9 6 4 ) . Under the s e  
cond i tions s aponi ns can c a u s e  s evere gas troenteri ti s .  Some 
plants con ta in ing s apon i n s are b eech { F agus sy lva ti c a ) , 
Eng l i s h  ivy { Hedera he l i x ) , ye l l ow pine f lax { Linum neomexi­
canum) , a l fa l fa ( Med i c ago s a t i va ) , and pokeweed { Phyto lacca 
amer i c ana ) . 
There are a numb e r  o f  p l a n t s  wh ich concentrate oxa l i c  
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acid .  Thi s c ompound , i f  i nges ted a s  a chemi c a l , has corro-
s i ve a f fects  on anima l ti s sue ( Bamford 1 9 5 1 )  • More o f ten , 
however , the toxi c i ty o f  oxa l i c ac id i s  dependent on the 
reaction of the oxa late ion . The activi ty of the ion is s uch 
tha t  it  c au s es a cationic imb a l ance i n  b lood ( Ki ngsbury 19 6 4 ) . 
Thi s resu l t s  in nervous symptoms , reduced coagu l ab i l i ty o f  the 
b l ood , and more importantly the eventual b lockage of k idney 
tubules due to the bui ld-up of c a l c i um oxa l a te c ry s ta l s . I n  
other i n s tance s , the acid comb i nes wi th ca l c i um to form c a l -
c i um oxa l a te crys tal s . Epi the l i a l  c e l l s  whi c h  c ome i n contact 
wi th c a l c i um oxa late cry s ta l s  are des troyed . Th i s  is  accom-
pan i ed by an inten s e  burn ing sensation and i rr i tati on which i s 
brought abou t by the mechan i c a l  penetra tion o f  the c ry s ta l s  
i nto the mucou s membranes ( K i ng sbury 1 9 6 4 ) . The fo l lowing 
p l ants contain s o luab l e  oxa l a tes that e f fe c t  the b l ood : 
S c i enti f i c  Name 
Beta vul gar i s 
Oxal i s  spp . 
Portu laca o l eracea 
Rheum rhapon ti cum 
Rumex spp . 








The s e plants conta i n oxa l a te c ry s ta l s  wh i c h  produce b urn ing and 
i r r i tation : 
Ar i s aema triphy l l um 
C a l l a  pa lus t r i s  
D i e f fenbachia spp . 
Ph i lodendron spp . 
Symplocarpus f o e tidus 
j ack - i n - the-pu lp i t  
c a l la 
dumb cane 
phi lodendron 
s kunk c abbage 
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P lants may b e  toxic secondar i ly through surf  ace depos i -
tion o f  and accumu l a tion o f  certain minera l s  ( Kingsbury 1 9 6 4 ) . 
P lants may ob ta in the s e  minera l s  di rec t l y  from the soi l .  
More o f ten , however ,  i t i s  the re s u l t  o f  p l ants being i n  the 
vicini ty of i ndu s tri a l  e s t ab l i s hment s . I n  the Uni ted State s , 
i t i s  common for road s ide p l ants to acc�mu l ate toxi c leve l s  
o f  lead , the s ource o f  wh i ch i s  tetraethy l lead u s ed i n  
modern gaso l i ne s . Ano ther source o f  toxi c  mi ner a l  accumula-
tion i s  the repeated u s e  o f  f ung i c i d e s  and fer ti l i zers . 
There are many mi nera l s  whi ch can be poi s onous in th i s  
way . Some, su c h  a s  a r s eni c and f lour ine depos i t ions in 
indu s tr i a l  areas, are usual ly obvious . Le s s  obvious c a s e s  
invo lve coppe r , manganese , and c admi um poi soning . Copper 
i s  taken up in vegeta t ion i n areas where the bordeaux mixture 
( a fungi c ide ) ha s been app l i ed . Cadmium is s imi lar ly taken 
up i n p l ants tha t  are grown where the so i l  i s heavi ly ferti -
l i z ed w i th c ommerc i a l  supe rpho sphates in whi c h  i t i s  an 
impuri ty . Mangane s e  d e f i c i encies  re su l t due to mi nera l 
d e f i c ienc ie s  o f  the s oi l . Live s tock foragi ng on s uch 
d e f i c ient plants  have given b i r th to deformed young ( Kings -
bury 1 9 6 4 ) . 
There are e s sentia l ly three o ther minera l s wh i c h  are o f  
ma j or importance as po i son s : ni tra te s - ni tr i te s , s e lenium , 
and mo lybdenum . Ni trate po i s oning can be produced by the 
i nge s ti on of n i trate f erti l i z e r s , machine oi l s , natur a l  
water of high n i tra te content , and food s that a r e  improper ly 
pre s erved in n i trate s ( K ingsbury 1 9 6 4 ) . I n  the pro c e s s  o f  
diges ti on , ni tr a te s are  reduced in s teps to ammoni a . One 
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of the intermed i ate compound s  o f th i s  stepwi se reac tion i s  
ni trite , whi ch i s  ten times a s  toxi c  a s  ni trate . Wi th i n a 
living organi sm , nitri te impa i r s  the b lood ' s ab i l i ty to 
transport oxygen . When the b lood i s  no longer ab le to 
supply the oxygen demand o f  the body ,  death oc cur s due to 
asphyxiation .  Tox i c  l eve l s  o f  n i trates h ave been mea s ured 
in the fo l lowing p l ants : 
WEEDS 
Scienti f i c  Name 
Amaranthus spp . 
Bidens f rondos a  
Bromus catharti cus 
Ch enopodi um s pp . 
Con ium mac u l atum 
Datura s tramonium 
Eupator ium per fo l i a tum 
Euphorb i a  mac u l a ta 
Po lygonum spp . 
Rumex spp . 
Sambucus pubens 
So l anum spp . 
Solidago spp . 
CROP P LANTS 
Apium graveo lens 
Avena sat iva 
Beta vu lgar i s  
Bras s i c a  napob r a s s i ca 
B .  o l eracea 
B .  rapa 
Cucumi s sativa 
Cucurb i ta maxima 
Common Name 
pigweeds 
s tick tights 
re s cue gra s s  
l amb ' s  quarter 
po i s on hemlock 
j imson weed 
j oe-pye weed 




night shade s 
go ldenrod s 








CROP P LANTS - con ti nued 
Sci ent i f i c  Name 
Daucus c arota 
Glyc ine max 
Hordeum vu lgare 
Ipomoea batatas 
Lactuca sativa 
Linum u s i tati s s imum 
Med icago s a t i va 
Raphanus sat iva s 
Secale cerea l e  
Sorghum vu lgare 
Tri ti cum aestivum 
Z ea may s 




bar l ey 
sweet po tato 
l e t tuc e 
f l ax 
a l f a l fa 
rad i s h  
rye 
sorghum 
whea t  
corn 
The accumu la t i on o f  s e l eni um i n p l ants exh ib i ts a very 
unique re lationshi p . They accumu l ate i t  or they do not . 
Those that do ac cumu l a te s e l en i um may be facul tative or 
ob l i gate accumu l a tors . The ob l i gate accumu l ators i nc lude 
such p l ants as loco weed s ( As traga lus  spp . ) , woody a s ters 
( Xy lorrhi z a  spp . ) , gold enwe eds ( Oonops i s  spp . )  and p r i nc e ' s  
plumes ( S tan l eya s pp . ) . The s e  p l ants require s e l enium for 
proper g rowth , and w i l l be found only whe re s e l en i um i s  in 
the so i l . F a c u l tative s e l en ium i nd i c a tors inc l ud e  a s te r s  
(Aster spp . ) ,  pain t  b r u s h e s  ( Ca s t i l l e j a spp . ) , bas tard toad­
f l ax ( Commandra pa l l ida ) , pen s temon s ( Pen s temon spp . ) ,  and 
other s . Thes e p l an t s do no t requ i re s e len i um , and wi l l  
grow we l l  i n  i t s  ab s e nc e , but wi l l  accumu l ate i t i f  i t  i s  
pre s ent in the so i l .  I n  genera l ,  the amoun t  o f  s e l en i um  i n 
a given p l ant i s  d e termined by i t s se l en i um- accumu l a ting 
power and the s oi l s  s e l enium- s upp ly ing powe r . The former 
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is determined , i n turn , by the species o f  p lant , i t s  s tage 
of deve lopment ,  and i t s gener a l  vi gor . The l atter is deter­
mined by the form of s e l en i um , i ts concentration in the root 
zone , and the pres ence o f  other e l ements wh ich may act a s 
competi tor s  ( Ki ngsbury 1 9 6 4 ) . 
Anima l di s order s  caused by the inge s tion o f  s e l en i um are 
determined by the amount and form of  s e l enium ,i nges ted . Three 
b a s i c syndrome s are known . One is acute s e l enium poi s oni ng 
produc ed by s i ng l e  ma s s ive d o s e s . Ob l i gate spec i e s , partic­
ular ly o f  Astrag a l u s , are re spon s ib l e . Thi s i s  f a i r ly un­
common , though , as anima l s  wi l l  not consume these p lants 
un l e s s  driven to i t . " B l i nd s tagge rs " i s another synd rome . 
I ts name i s  der ived from the tendency o f po i s oned anima l s  to 
wander aimles s ly ,  o f ten bumping into fenc es and other immov­
ab le ob j ects . Ac tual phys i o log i c a l  b l i ndne s s  may or may not 
occur . In the end , there i s para lys i s ,  weakne s s , and death 
through respi r a to ry f a i lure . The th i rd syndrome i s  termed 
" a lka l i d i s ea s e '' , and s hou l d  be d i s tingui shed f rom the o ther 
syndromes of the s ame name that do not invo lve s e l enium .  
The symptoms whi ch characteri z e  thi s  type o f  poi soning are 
du l l ne s s ,  ema c i a ti on , and pronounced l amene s s . The s ourc e 
of d i f ference i n the l a tter two s yndrome s i s  unknown . 
Mo lybdenum i s another mi neral  e l ement whi ch may cause 
vege ta ti on to b e  toxi c .  The mo lybdenum content o f  s oi l  may 
determine tox i ci ty i n two way s . I f  the content i s unusua l ly 
low i t promo te s  the accumu l a tion o f  copper and the s ub s e­
quent poi soni ng by thi s mi ne r a l  e l ement . Unu sua l ly h i gh 
concen tration s of mo lybdenum , on the other hand , dep l e te the 
7 5  
copper res erves o f  anima l s  and resul t s  i n  the deve lopment o f  
symptoms o f  copper de f i c iency . Thi s sy ndrome i s  we l l  recog-
ni z ed , however , and is acknow l edged · a s be ing d i s tinctly 
di f ferent from mere copper de f i c i en c ie s . Symptoms o f mo lyb ­
denum poi soning appear one to s even mon th s  a f ter the a f fec ted 
forage i s conti nuou s ly gra z ed . The symptoms inc lude emacia-
tion , s cour s , anemi a ,  change s i n coat c o l or , s ti f fnes s ,  
�productive di f f icul ty , and o c c a s iona l ly dea th . I t  i s  
i nter e s t i ng to note that mo lybdenum tox ic i ty c an b e  prevented 
by the addi tio n  o f  copper to the d i e t  ( Kingsbury 1 9 6 4 ) . 
There remai n only a few o ther toxi c princ i p l e s  to be 
found i n  p l an t s . The s e  are c l a s s i f i ed a s  re s i n s  or res inoids , 
phy totoxins , and po lypeptides and amines . The res ins are a 
group o f  heterogeneou s compounds wh i ch share a few phy s i c a l  
characteri s ti c s . A s  extracts they a re s o l id or s emi - s o l id 
at room t emperature , they are bri tt l e, and they are ea s i ly 
burned o r  me l ted . They are a l so i n s o l ub l e  i n  water and do 
not conta i n  n i trogen . Thei r phy s i o logi c a l  e f f e c t s  invo lve 
the di re c t  i r r i tation of mus c le or ne rvou s ti s s ue . 
Phyto tox i n s  are prote i n  mo lecul e s  of high tox i c i ty 
wh ich are produced by a sma l l numb er o f p l ants . They are 
s imi lar to bac ter i a l  toxins in tha t they act as ant igens ,  
produc i ng an anti body re spon s e . They a l s o  c a u s e  the 
agg lutination o f  ery throcyte s , but th i s doe s no t appear to 
be the toxi c  mechan i sm . Ins tead, i t i s b e l i eved that the ir 
toxic i ty is  due to pro teo lytic en z ymes tha t  b reak down 
c r i t i c a l natur a l  pro t e i ns and a ccumu l a te ammo n i a  ( King s -
bury 19 6 4 ) . F ew po i s oni ng s o f  th i s nature occur , and los s 
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of l ive s tock i s rar e . The ma j or concern i s  that the s eed s 
of some of the s e  p l ants , pa r t i cu l a r ly the preca tory bean 
( Abrus precatori u s ) ,  are bri l l i antly co lored and thus are 
an attraction to ch i ldren who l ike to eat them . 
Po lypeptides and amines are organic. ni trogen conta ining 
mo l ecul e s  other than a lka lo i d s , whi ch are formed in plants 
and can be toxi c . Certa in a l gae ( Mi c roc y s ti s s pp . ) , fung i 
( Amani ta spp . ) ,  and h igher p l an ts conta in tox i c pept ides . 
Phoradendron f l avescens  (mi s t l e toe ) , Ac a c i a  ber l and ier i 
( gua j i l lo ) ,  and s pec i e s  o f La thyru s ( pea ) contain amines 
whi ch are credi ted wi th toxi c  action , and e rgot ( C l aviceps 
purpurea ) a lkaloids are a s soc i a ted wi th ami nes wh i c h  may be 
respons ible for the toxi c i ty o f  the s c l ero ti a .  
I t  i s  ea s i ly s een tha t  po i sonings may occur i n  a var i e ty 
of  ways , invo lving a var i e ty o f  cond i tion s  and poi sons . I n  
the ma j or i ty o f  c a s e s , the poi s on mus t  be i nges ted and s o  
has reached the s tomach . Shou ld thi s  occur , Brook s and 
Jacob s ( 1 9 5 8 ) ,  s ugge s t  the fo l l owing proc edures which may be 
undertaken to he lp prevent s e r i ou s  i l lne s s  or death . The 
fi r s t  s tep , of cours e ,  i s to s e nd for a phys ic i an . In doing 
so it wi l l  be he l p fu l  to i nfo rm h im o f  the type o f  po i s oning 
and/or the type o f  p l ant inges ted , i f  thi s  information i s  
known . Second l y , admi nis ter a n  eme ti c .  Eme t i c s  are s ub ­
s tances whi ch induc e vomi t in g , and thereby wa sh o u t  the 
s tomach . Repeat th i s s evera l times . Th i s  shou l d  be avoided , 
however , i f  the po i s o n  i s  o f  a corros ive nature . Vomi t i ng 
under the s e  c i rcums tanc es may rupture the wa l l s  o f  the d i ge s ­
tive tract wh ic h  a r e  a l ready damaged . I f  po i s oni ng i s  not 
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corro s ive , and a n  eme ti c  i s  admi ni s tered , i t  s hou ld be 
fo l lowed by further di luti ng the rema i n i ng po i s on wi th 
lukewarm li qui d s . S a l twater or soapy water i s  o ften used 
as both eme tic and d i luent . The admi ni s tration o f  anti-
dote s is  a l s o  he lpful . Antidotes neutra l i z e the poi son by 
a l tering i ts phy s i c a l  or chemi c a l  propert i e s . The compounds 
thus produced are near ly as  toxic a s  the or ig inal  po i son . 
The re fore , th e  anti dote shou ld be used in con j unc tion wi th 
the emeti c .  Fo l lowi ng th i s , demu l cent s , or s ub s tances such 
as mi lk , whi ch coat the irri ta ted membranes , s hou ld be g iven 
for the i r  soothing e f fect . F ina l ly , keep the v i ct im warm 
and qui e t  wi th feet e levated . Other s pec i a l  treatments 
inc l ude the u s e  o f  c atharti c s , s timu lants , ana l g e s i c s , and 
sedative s . Thes e shou l d  be taken only a s  pre s c r ibed by a 
phys i c i an ,  s i nc e  d i f f i c u l tie s may ari se a s  a r e s u l t of the ir 
use . 
PLANT NAMES 
S c i enti f i c  Name 
Ab ru s 
precator i u s  L .  
Ac ac i a 
b er l and i e r i  Benth . 
Aconi tum s pp . 
Ac taea spp . 
Aes culus spp . 
Agave 
lechegu i l l a Tor r . 
Amani ta spp .  
Ama ranthus spp . 
Common Name Fami ly 
ro sary pea Leguminosae 
gua j i l lo Legumino sae 
monks hood Ranuncu laceae 
baneberry Ranuncul aceae 
horseches tnut Hippocas tanac eae 
lechugui l l a Agava ceae 
Aga r i c a ceae 
p i gweeds Ama r anth aceae 
PLANT NAMES - continued 
Scienti f ic Name s  
Ambros i a  
artemi s i i fo l i a  L .  
A .  tr i f ida 
Anemone spp . 
Api um graveolens L .  
Apocynum �· 
Ar i s aema 
triphy l lum ( L . ) Torr . 
Armorac i a  
l apath i fo l i a  Gi l ib . 
As ter � · 
As traga lus spp . 
Atropa be l l adonna L .  
Avena sativa L .  
Beta vulgar i s  L .  
�· vulgar i s  var . c i c l a  L .  
Betu l a  spp . 
B idens frondo s a  L . 
Br a s s ica 
acephala DC . Boreco l e . 
B . a lba ( L . )  Rabenh . 
B . c au lorapa P a s q . 
B .  j uncea ( L . ) Cos son . 
B . n igr a ( L . ) Koch . 
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B .  o leracea var . botry t i s  L .  
B . oleracea var . c ap i t ata L . 
B .  oleracea 
var . gemmi fera Z enk . 





dog bane s 
j ack- in-the­
pulpi t 
hor serad i sh 
a s ter s 
locoweed s 
be l l adonna 
common oats  
beet 
chard 
b i r ches 
s t i ck t ight s  
k a l e  
whi te mus tard 
koh lrabi 
I nd i an mus tard 
b lack mu s tard 
brocco l i  
cabbage 
brus s e l  sprouts 
Fam i l y  
C ompo s i tae 
Compo s i ta e  
Ranunculaceae 
U1nbe l l i ferae 
Apocynaceae 
Ar a c e ae 
Cruc i f  erae 
C ompo s i tae 
Legumino s ae 
S o l anaceae 
Gramineae 
Chenopod i aceae 
Chenopodi a c e ae 
Betulaceae 
Compo s i tae 
Cruc i f erae 
Cruc i ferae 
Cruc i f  erae 
Cru c i ferae 
C ru c i f  erae 
Cruc i ferae 
Cru c i f  erae 
Cruc i f  erae 
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PLANT NAMES - continued 
Scienti f i c  N ame s  
B . o leracea -var . napobr a s s i c a  ( L . ) Mi l l . 
B .  r apa L .  
Bromus cathar t i cu s  Vah l . 
Ca l l a  palustr i s L . 
Caltha palustr i s  L .  
Casti l le j a  s pp . 
Carya s pp . 
Chenopodium spp . 
C l avi ceps 
purpure a  ( Fr . ) Tul l . 
Corrnnandra pal l ida A .  DC . 
Conium macul atum L . 
Conval ar i a  ma j a l i s  L . 
Coryd a l i s spp . 
Cucumi s s at ivus L . 
Cucurb i t a  max ima Duch . 
Cynodon dactylon ( L . ) Pers . 
Daphne s pp . 
Datura s tramonium L .  
Daucus c arota L .  
De lphinium spp . 
D i centra 
cucu l l ar i a  ( L . ) Bernh . 
Di e f fenbach i a  s pp . 
Digi t al i s  purpurea L . 
C ommon Name s 
rutabaga 
tur n ip 
r e s cue gra s s  
w i l d  c a l l a  
mar s h  mar igold 
paint bru she s 
h i ckori e s  
l amb ' s quarter s 
ergot 
b a s tard toad 
f l ax 
poi son hemlock 




Bermuda gr a s s  
d aphne 
j imson weed 
c arrot 
l arkspur s 
Dutchman ' s  
breeche s 
dumbcane s 
foxg love , 
d ig i t a l i s  
Fami ly 
Cruci fer ae 
Cruc i ferae 
Gr amineae 
Araceae 
Ranuncu l aceae 
Scrophu lari aceae 




Umbe l l i f  erae 
L i l i aceae 
Fumar i aceae 
Cucurb i taceae 
Cucurb itaceae 
Gr amineae 
Thyme l ae aceae 
S o l anaceae 
Umbe l l i ferae 
Ranunculaceae 
Fumar i aceae 
Ar aceae 
S crophu l ar i aceae 
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PLANT NAMES - con t inued 
Scienti f i c  Name s C orrunon Name s 
Eupator iurn per f o l i aturn L .  j oe-pye weed , 
bone s e t  
Euphorbi a  macul at a  L .  mi lk pur s l ane 
Fagopyrum s agi ttatum Gi li b . buckwheat 
Fagus sylva t i c a  L .  beech 
Fraxinu s  spp . a shes 
Glycine max ( L . ) Mer r . s oy bean 
Hedera he l i x  L .  Eng l i sh ivy 
Hordeum vu lgare L . bar l ey 
Hydrange a spp . hydr angea s  
Hyocyarnu s n iger L .  henbane 
Hyper i cum per for a tum L .  S t . John swort 
Lactuca s at iva L .  l e t tuce 
Lathyrus spp . pea 
Linum neomex i canum Greene pine f l ax 
L .  u s i tati s s imum L . f lax 
Lobel i a  spp . I nd i an tobacco 
Lycoper s i cum e s cu l entum Mi l l . t omato 
Man ihot e s cu l enta Crantz . c a s s ava 
Med icago s at iva L . a l f a l f a  
Me l i lotu s a lb a  Desr . whi te sweet­
c lover 
M . o f f i cina l i s ( L . )  Lam . y e l low sweet­
c lover 
Mi crocy s t i s  spp . 
Ner ium o l eander L .  
Ni cotiana t abacum L .  
o l e ander 
t obacco 
Fami ly 






Ara l i aceae 
Gramineae 
S ax i fragaceae 
S o l anaceae 
Hyper i c aceae 
Compo s i tae 











S o l anaceae 
PLANT NAMES - c on t i nued 
Scienti f i c N ame s 
Oonops i s � · 
Oxal i s  �· 
Panicum s pp . 
Papaver sornn i ferwn L .  
Peganum h arma l a  L .  
Pens temon �· 
Pha seolus lunat u s  L .  
Phi lodendron �· 
Ph leum pr atens e  L .  
Phoradendron 
f l ave scens ( Pu r s h . ) Nut t . 
Phytolacca amer i c ana L .  
Platanus spp . 
Pea praten s i s  L . 
Polygonum � ·  
Populus spp . 
Portulaca o le r a c e a  L .  
Prunus s pp . 
Pyrus ma l us L .  
Quercus s pp . 
Ranunculus s pp . 
Raphanus 
r aphani s trwn ( L . ) Co s son . 
R .  s ativu s L .  
Rheum rhapont i cwn L .  
Ri c i nu s  cornrnun i s L . 
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Common Name s 
goldenweed s 
sorr e l s  
pan i c  gra s s  
opiwn poppy 
Afr i c an rue , 
harme l a  
pens t emon s  
l ima bean 
ph i lodendron s 
t imothy 
mi s t l e toe 
pokeweed 
sycamores 
Kentucky b l ue 
gra s s 
srnar tweed s 
pop l ar s  
pur s l ane 
cherr i e s  
app l e  
oak s 
buttercups 
wi ld r ad i s h  
r ad i sh 
rhubarb 
c a s tor bean 
F ami ly 
Compo s i tae 
Oxa l idaceae 
Gramin e ae 
P ap aver aceae 
Z ygophy l �aceae 
S cr ophu l ar iaceae 
Legwnino sae 
Ara c e ae 
Gramineae 
Lor anthaceae 
Phyto l accaceae 
P l a t anaceae 
Gram ineae 
P o lygonaceae 
S a l i caceae 
Portu l acaceae 
Ro s ac e ae 
Ro s a ceae 
F agaceae 
Ranuncu l aceae 
Cru c i ferae 
Cru c i f erae 
P o lygonaceae 
Euphorbiaceae 
PLANT NAMES - continued 
Sc i enti f i c Name s 
Robinia pseudoacac i a  L .  
Rumex spp . 
Sambucus pubens Mi chx . 
Sanguinar i a  c an ad en s i s  L .  
Sarcobatus 
vermi cul atu s Torr . 
Secale cerea le L .  
Sol anum spp . 
Sol idago �· 
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Common Name s  






n ightshad e s  
g o ldenrod s 
Sorghum vulgare Sudan gras s 
var . sudanens e  ( P iper ) H i tchc . 
Stanleya spp . 
Symplocarpus 
foetidu s ( L . ) Nu t t . 
Thl a spi arvens e  L . 
Toxi codendron rad icans L .  
Tri fo l ium repens L .  
Tr iglochin spp . 
Tr i ticum ae s tivum L .  
U lrnus spp . 
Ver atrum �· 
Vic i a  s at iva L .  
Xylorrhi z a  spp . 
Z e a  may s L .  
Z igadenu s spp . 
pr ince ' s  p lume s 
skunk c abbage 
f anweed 
po i son ivy 
c lover 
arrowgra s s  
wheat 
e lm s  
f a l s e  hel l ebores  
vetch 
woody as ter s 
corn , mai z e  
d eath c ama s  
F ami ly 
Legumino s ae 
Polygonaceae 
C apr i f o l i aceae 
P ap averaceae 
· chenopod i aceae 
Gr amineae 
So l anaceae 
Compo s i tae 
Gramineae 
Cruc i f erae 
Ar aceae 
Cru c i ferae 
Anac ard i aceae 




Li l i ac e ae 
Leguminos ae 
Compos i tae 
Gramineae 
L i l i aceae 
HALLUC INOGEN I C  P LANTS 
Ha l luc i nogenic pl ants were par t i c u l a r ly impo rtant in 
primi tive s oc i e t i e s . Primi t i ve peop l e  are known to have 
attributed s i ckne s s  and hea l th to the wo rk ing o f  s p i r it 
force s . Cons equent ly ,  any subs tance that wou ld d e l iver 
man into the s p i r i t wor ld was con s idered to be far better 
than mere ly phy s i c a l  one s . The s e  power s  were a ttributed 
to p l ants  which contain ha l lu c i nogeni c propert i e s . Each 
soc i e ty or tribe had a shaman , med ic ine man , or wi tch 
doctor who became a spec i a l i s t  in the u s e  of h a l luc i no-
genie p l ants ( de Ri os 1 9 7 6 ) . I t  wa s h i s  du ty to s erve a s  
a medi ator b e twe en man and the s pi r i t  wor l d . Aided by the 
use of h a l luc i nogens , the s h aman cou ld u s e  h i s  power to 
cure pat i ents , foresee the future , bewi tch an enemy , obta in 
the favo r s  o f  a d e s i rab l e  woman , and manipu l a te s upernatura l 
enti ti e s . The s h aman ' s  know l edge o f  such comp l ex chemic a l  
s ub s tanc e s  i s  prai s ed throughout l i terature . 
As human c u l tures b ec ame mor e sophi s ti c a ted , the po s i -
tion of  shaman wa s gradual ly pha s ed ou t o f  the l i fe s ty le 
( Ott 1 9 7 6 )  . They evo lved i n to pries ts who eventu a l ly cea s ed 
u s ing ha l luc i nogens ( Ott 1 9 7 6 ) . Coi nc id i ng wi th th i s  were 
mi l i tary conqu e s t s  whi ch b rought even more advanced and 
sophi s ti c ated r e l i g ion . I t  was not long unti l the o ld 
r e l i gion fe l l  to per s ecutio n  and was dr iven out o f  exi s tence . 
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Thi s  may account for modern atti t�des toward ha l luc inogens 
wh ich regard them a s  " tabu " . Despi te thi s  re l ig ious evo lu-
tion , the use of h a l luc inogenic p l ants s ti l l  permeates 
nearly every pre s ent cul ture . Pre s ent u s e  o f  hal luc inogens 
has acquired par t i c u l a r  attention i n  we s tern culture s , where 
they have become more acces s ib le . Today , in place o f  rel i -
gious dogma and r i tua l s , we have "med i c a l  opinions " and 
" therapy " .  I n  place o f  wi tche s and shaman , we have " add i c ts " , 
" pushers " ,  and " j unki e s " .  
Modern u s e  o f  h a l luc i nogens , a s  wi th the pr imi tive 
cul ture s , is a means by wh ich an a l tered s tate of consc ious-
ne s s  is obtai ned . Thi s  a l te red s tate of mind , or depar ture 
from rea l i ty , may be referred to as an h a l luc inat ion . Ha l lu-
cinations are produc ed by chemi c a l  compound s commonly c a l l ed 
hal luc i nogens or narcoti c s  ( Tay lor 1 9 6 3 ) . There are re la-
tive ly f ew c ompounds wh i ch produc e such rea c t i on s , and nearly 
a l l _ are found i n  members o f  the p lant ki ngdom ( Tippo and 
S te rn 1 9 7 7 )  . Few o ther s ource s o f  h a l luc inogenic compound s 
are known . Furthermore , i t appears tha t  even wi th in the plant 
ki ngdom , the k i nds o f p lant s  th at yie ld them are few . Schu'l tes 
( 1 9 6 6 )  e s t ima tes tha t o f  the pos s ib l e  8 0 0 , 0 0 0  spec i e s  of plants, 
only 6 0  s pe c i e s  of ang io sperms have been emp loyed for thei r  mind 
a l tering e f fects . On ly twenty o f  the s e  are cons idered to be o f  
ma j or impo rtanc e . The only other members o f  the p lant kingdom 
tha t  con tain hah luc i nogens are the fungi . Many o f these are 
the mushrooms and pu f fba l l s  of the c l a s s , B a s idiomycete s . One 
other group , the As comyce tes , y i e ld s  ergot , the only h a l lucino-
geni e  fungus o f tha t  c l a s s . 
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The hal luc i nogeni c compounds found wi th i n the s e  p lants 
may be d ivided i nto two broad group s : tho s e  that conta i n  
ni trogen in the i r  s truc ture , and tho s e  that do n o t  ( Schu l t e s  
and Ho fmann 1 9 8 0 ) . Among tho s e  tha t do are the a lkaloids . 
Mos t  hal luc i nogens owe the i r  e f fects . to the ac tivi t i e s  o f 
these compound s .  Mos t  narcotic a lkaloids are deriva t ives 
of  the amino a c id tryptophan , and m�y also fa l l  under the 
broad category o f  tryptami nes ( S chu l t es  and Ho fmann 1 9 8 0 )  • 
The mos t  important o f  tho s e  lacking n i trogen in the i r  
s truc ture are the a c t ive pri nc i p l e s  o f  marihuana ,  Cannab i s 
s a tiva , whi c h  are c a l l ed c annab i no l s . Mos t  recent i nve s t i ­
gations demons tr a te that the euphor i c  e f fects derived f rom 
th i s plant a re a t tributed to d e l ta - 1 - tetrahydrocannab i no l  
( Farnsworth 1 9 6 8 ) . 
Other non n i trogenous compounds that may cau s e  ha l lu­
c i nations are termed p s eudoha l luc i nogens ( Schu l tes and 
Ho fmann 1 9 8 0 )  • The s e  compound s are poi s onous and cause 
wh at may be c a l l ed a p s eudoha l lucination , or s econdary 
h a l lucin a tion . True h a l luc inations a c t  d i rectly on the 
centra l nervous sys tem , having bo th phy s i c a l  and psych i c 
activi ty of typ ic a l ly short dura tion ( S chul tes and Ho f ­
man 1 9 8 0 : Ott 1 9 7 6 ) . P s eudoh a l luci nogens , on th e o ther 
hand , are charac te r i z ed by a f fecting the autonomi c nervou s  
sys tem ( S chul tes 1 9 7 6 ) . T h e  autonomi c nervou s sys tem i s  
respons ib le for ma intai ni ng homeos ta s i s , o r  norma l me tabo­
l i sm , i . e .  such thi ng s a s  b l ood pres s ure , body temperature , 
and breath i ng rhy thm ( Ott 1 9 7 6 ) . Anyth i ng then , wh i ch 
a l ters homeo s ta s i s  or norma l metabo l i sm to a s u f f i c i ent 
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degre e , wi l l produce a n  ha l l uc i nati on . Cons equently , i t 
has been found that such thi ngs a s  f a s t ing , feve rs , and 
lack o f  water for long per iods o f  t ime may a l so produce 
ps eudoha l luc inations ( Schu ltes 1 9 7 6 ) . I n  e i ther case , the 
ups e tting o f  the norma l body func t i on s  i nduces  a type o f  
delerium which , for a l l prac t i c a l purpo se s  i s  a n  ha l luc ina­
tion . P lant component s  tha t  are re s po n s i b l e  for the s e  e f fects 
appear to be the e s s enti a l  oi l s  whi ch g i ve certain aroma tic 
plants the ir character i s ti c odor ( Farnsworth 1 9 6 8 ) . Such 
compounds i nc lude s a fro le , myr i s ti c i n ,  and e l emi c in ,  wh i ch 
are components o f nutmeg ( Myr i s ti ca fragrans )  and spec i e s  
of Viro l a  ( Schul tes 1 9 6 9 ) . Other s  a r e  found i n  c a tnip 
( Nape ta catari a )  and wis teri a  ( W i s ter i a s inen s i s )  ( S chu ltes 
1 9 7 6 ) . 
I n  the l i terature one may run ac ro s s various terms that 
re fer to s ubs tanc es or narcot i c s  that i nduc e hal luc i na tions . 
" H a l luc inogen "  i s  the mo s t  popul a r  term among sc i enti s ts ,  
and come s c lo s e s t to convey ing the idea o f  a subs tance wh ich 
induc e s  an hal luc ination . Ha l luc i nogens are tho se s ubs tance s  
whi ch generate or evo lve a n ha l luc i nati on ( Schu l tes 1 9 7 6 ) . 
Other terms a ttempt to describe the e f f ec t  the narcoti c  
induce s .  For examp l e , p sychotomime t i c s , are tho se narcoti c s  
i n  whi ch the h a l lucinati on mimi c s  a psycho s i s  ( S chu ltes and 
Ho fmann 1 9 8 0 ) . P sychotarax i c s , or " mi nd d i s turber s " ,  ind i -
cate tha t the narcoti c i nter feres w i th the norma l proce s s e s 
o f  the mind ( S chu l tes and Ho fmann 1 9 8 0 ) . I n  the Un i ted States , 
the term psychede li c  i s  wide ly us ed to re fer to hal luc inogen s . 
The s cho larly synonym " psychotrop i c " h a s  a l so b een u s ed by 
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many to re fer to sub s tanc es whi ch caus e  psycho logical change 
or mod i fic ations in men tal a c t iv i ty ( de Rios 1 9 7 6 ) . No one 
term s a ti s f i e s  the h a l luc i na to ry c au s a l  agent conc ept , 
a l though , a s  s tated , the term h a l luc i nogen i s  mo s t  wide ly 
used and accepted by s c ienti s ts . I t  i s  inter e s t i ng to note 
that , contrary to popu l ar be l i e f ,  no t a l l  narcotics  are 
addi ctive . Clas s i f i c a tion s y s tems b a s ed on th i s  cri ter ion 
have be en a ttempted . One s uch s y s tem propo s ed by de Rios  
( 1 9 7 6 )  inc ludes the barbi tura te s , tranqu i l i z er s , and nar -
cotic s whi ch are addi ctive, in  a group termed " psych i c  
s edatives " .  A s e cond group , t h e  " p sychic s t imu l ants " ,  
inc lude amine s wh ich are re s pon s ib l e  for mood change s . 
Final ly , those tha t  do not c au s e  phy s i c a l  addi c tion , such 
a s  LSD , ps i locyb i n , mes c a l i ne , and harmine , are categori z ed 
as " psych i c  deviators " .  Thi s l a s t  group has received a 
preponderance of notor i ety throughout h i s tory . 
The rema inder o f  the d i s cu s s io n  of hal luc inogens wi l l  
addres s i ts e l f  to s evera l o f  the more important and wid e ly 
us ed s pec i e s  of  plants which contain h a l luc inogenic compound s , 
and have been used for the purpo s e  o f  mi nd a l teration . 
A phy logene ti c  approach to the s e  p lant s nece s s i tates 
s tar ti ng wi th the a s c omyc e te s . The ascomycetes  are a group 
o f fungi wh ich are character i z ed by having s eptate myc e l i a  
( Bold , e t . a l . 1 9 8 0 ) . The s eptations are referred to a s  
tran sver s e  hyphal  wa l l s , and have s i ngl e minute pores through 
which the pro top l a sm of adj acent c e l l s  is cont i nuous . The 
s exua l reproduc t i ve s tructure , th e a s c u s , i s  a l so a di s t in-
gui shi ng character . Many s c i en t i s t s  place th e s e  organi sms 
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i n  the c l a s s  Ascomycetes , wh i l e  o the r s  e l evate them to the 
divi s iona l l eve l , p l a c ing them i n the divi s i on As comyco ta . 
For purpo s e s  o f thi s paper , the s e  organi sms wi l l  s imp ly be 
referred to a s  a s comycetes , and their taxanomic pos i t ion 
sha l l  be l e f t  to the d i s cretion of the reader . The only 
organi sm o f  h a l lucinogenic importance i n  thi s group i s  
ergot , C l aviceps purpurea . Ergo t i s  a d i s e a s e  whi ch a f fects 
only the f l owering parts o f  many wi ld and c u l t ivated s pec i e s  
o f the gras s  f ami ly { Chri s tens en 1 9 6 1 )  . 
Accord i ng to Boewe { 1 9 6 0 ) , the economi c importanc e o f  
the di s e a s e  h a s  two aspects . The f i r s t  i s  tha t  many o f  the 
gra s s es whi c h  are a f f ec ted are of economi c importance ,  
particu l a r ly rye . Th e  f l owers that are a f fec t ed produce 
s c l erot i a  i ns tead o f kerne l s  and thus yi e ld i s  reduced . The 
s econd a spec t concerns the fact that the s c l eroti a , or the 
hard , dormant s tage of the fungus , conta in a l k a l o id a l  ma te-
r i a l s .  The s e  compounds have proven to be i n j ur iou s to man 
and l ive s tock . The ergoti z ed grain s mus t  b e  i nges ted to 
produce harmfu l e f fect s . In  the case of  l i ve s tock poi soni ng , 
the sc lero t i a  thems e lves are eaten a l ong wi th norma l gra i ns . 
Where man i s  conc erned , however , i t  i s  inges ted i n the form 
o f  bread and/or o ther b aked good s wh i ch have been made f rom 
f lour that , i n  turn , was made from grai ns that have been 
ergoti z ed . 
The e f fects  may be expre s s ed a s  two type s o f  ergoti sm , 
gangrenou s  and convu l s ive or nervous ergot i sm .  Gangrenous 
ergoti sm , a s  the name impl i es , i s  characteri z ed by d ry 
gangrene o f  the extremi ties . Thi s i s  fo l lowed by th e f a l l -
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ing away o f  the a f fected parts o f  the body s uch a s  hoo f s , 
ea rs , and tai l s . In  the Mi dd le Age s ,  th i s  occurred in 
epidemic propor ti on s ; nowaday s i t occurs rare ly and then 
on ly in chronic c a s e s . 
Convu l s ive ergoti sm i s  charac ter i z ed by many s ymptoms . 
These i nc lude craw l i ng s en s a ti on s  on the skin ,  vert i go , 
headache s , tingl i ng s ensati ons , pai nful  mu s cu lar contra c ­
tions whi ch lead to convu l s i ons , vomi t ing , d i arrhea , and 
often h a l luc i nations . The h a l lucina t ions are repu ted to 
invo lve f i re . For thi s rea son , the c ommon name, " S t . Anthony ' s  
fi re " ,  wa s coi ned . There have been no s erious outbreaks o f  
ergoti sm for hundreds o f  year s . Th i s i s due primar i ly to 
methods that have b een deve l oped by the Food and Drug Admini s -
tratio n  wh ich e l imi nate s c l eroti a  f rom norma l gra ins . 
Both types o f  ergoti sm are c au s ed by a s eri e s  o f  a lka-
loids termed " e rgotoxi n s " .  One whi c h  i s  particu l a r ly note-
worthy is ly sergic acid di e thy l amide , abbrevi a ted LSD . A 
good dea l o f  res earch has been don e wi th thi s compound . I t 
has been found that when " norma l " s ub j e c t s  are admi ni s tered 
LS D , i t give s r i s e  to di s turbanc es o f  perception and menta l 
content , accompan i ed by a pro found emot iona l a l teration . 
Other symptoms inc lude nau s e a , headache , d i z z ine s s , sweat i ng , 
change i n  b lood pre s sure , and d i l a tion o f  pupi l s . Ha l luc ina -
tions , bo th visual and aud i tory , are experi enced , a s  we l l  a s  
d i s turbanc e s  of  a l l  the sens e s , particu l a r ly t h e  s e n s e  o f  
time . Emotional  changes i nc lude both eupho r i a  and depre s ­
s ion , wi th varying degrees o f  anx i e ty ( Ho l l i s ter 1 9 6 8 ) . 
Al though the mechani sm of  LS D i s s ti l l  no t e s tab l i shed , i t  
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i s  considered to b e  one o f  the mos t  po tent drugs known to 
man .  Medi c inal ly , ergo t  h a s  been found to be e f fective i n 
easing chi ldb i rth . Here aga i n , thi s  app l i c a tion wa s  u s ed 
primari ly in the e i gh�eenth c entury . Modern drugs have 
made i t obs o le te i n  the twenti e th century . 
The pre s ence o f  tox i c  s ub s tances in many o f  the bas id­
iomycetes l ed to the e a r ly d i s covery o f  ha l luc inogen i c  
compounds i n mus hrooms ( Schu l te s  1 9 6 9 ) . I t  i s  be l i eved 
that mushrooms were wid e ly u s ed by the ancients in primi tive 
re l i gions , and tha t  the i r  very concept o f  d e i ty aro s e  from 
their e f f ects . Perhaps the mos t wide ly used mushroom was 
the f ly agar i c , Arnani ta mus c ar i a . Thi s  fungu s , whi c h  i s  
widely accepted a s  being toxi c , gets i t s  common name from 
the European cus tom of u s ing it to po i s on f l ie s  ( T i ppo and 
S tern 1 9 7 7 ) . Rec ent use o f  the f ly agar i c  a s  an i nebr iant 
has been known o n ly i n  parts o f  S iberia ( S chu l tes 1 9 7 6 ) . 
I n  S iber i a , i t i s o f ten a n  expen s ive arti c l e  o f trade . 
I t  may be taken a s  a n  extrac t i n  cold or warm water or mi l k , 
or s imp ly held moi s tened i n the mouth ( Schu l te s 1 9 6 9 ) . Ju s t  
how the d i s covery tha t  the i n toxi c a ti ng princ ip l e s are 
excre ted unchanged i n the uri ne i s unknown . However ,  the 
d i s covery wa s mad e , and h a s  l e d  to the cu s tom o f  the i neb r i ­
ate ' s drinking h i s  own or another ' s  uri ne to repea ted ly 
continue the i ntox i c a t ion ( Fur s t  1 9 7 6 ) . 
The e f fec ts o f  Arnan ita mu scari a ,  a s  wi th mo s t  i ntox i c ants , 
vary wi th individua l s , the i r  envi ronment ,  and thei r  phycho­
log i c a l  frame of mi nd . I n  genera l , though , an hour a fter 
i nges tion o f  the mu shrooms , twi tch ing and tremb l ing o f  the 
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limbs i s  no t i c eab l e . Thi s i s  o f ten accompani ed by a s ense 
of good humor and euphori a ,  characteri z ed by macroscopia , 
vi s ions o f  the supernatura l , and i l lus ions o f  grandeur . 
Occ a s iona l ly , the partaker become s  vio lent , d a s hi ng mad ly 
about unti l exhaus ted ( Furst  1 9 7 6 ; Schu l tes 1 9 6 9 ) . 
The a c t ive pri nc i p l e  wa s onc e attr ibuted s o l e ly to 
the alkaloid mu s c a ri ne ( Schu ltes 1 9 6 9 ) . Stud i e s  have 
shown , howeve r , tha t  mus car ine i s a minor con s t i tuen t , and 
cou ld not be respon s ib le for the e f fects  by i t se l f  ( Schultes  
and Ho fmann 1 9 8 0 ) . Fur ther s tud i e s  have l ed to the d i s covery 
that the centra l nervous sys tem i s  acted on primari ly by 
mus c imo l e , an uns a tura ted cyc l i c  hydroxamic a c i d , to .the 
ami no ac id, iboteni c  acid , and mus c a z one . There i s  evidence 
that s ti l l o th er princ iple s , as  yet unknown , p l ay a ro le i n  
the tox ic i ty o f  th i s  spec i e s  ( Schu l tes 1 9 6 9 ) . 
More recent inve s t igations have d i s c lo s ed tha t  other 
members o f  the Agaricaceae have been , and are, u s ed i n Mexi co 
for thei r  h a l luc i na tory e f fect s . At l ea s t  twenty spec i e s  
o f  the genera Conocyb e , Paneo lus , S trophar i a , and P s i locybe 
are used ( Schu ltes  1 9 6 9 ; Farnsworth 1 9 6 8 ) . The mos t  important 
of thes e is P s i l ocybe mexicana . Mo s t ,  if not a l l ,  contain 
ps i locyb i n and p s i l o c i ne whi ch are the a c tive a lka loida l 
principles . 
I t  i s  i nter e s t ing to not e  that , .  wi th respect to d i s tri -
bution i n  the p l an t  kingdom ,  a l l  the ha l luc inogeni c bas id-
iomycetes are found in on e f ami ly , the Agaricaceae . 
Leavi ng the cryptogams beh i nd , we turn now to the f lower-
ing plants or  angi o sperms , wh i ch conta in ha l luc inogenic 
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princ i ples . 
Marihuana ( Cannab i s  s a tiva )  has a lready been menti oned 
as  having a unique chemi ca l s truc ture devoi d of n i trogen . 
Thi s  d ioecious annua l i s one o f  the mos t  anc i ent o f  the 
cul tiva ted p l ants , and is probab ly the mos t  wid e ly d i s s em­
inated hallu c i nogeni c  p l ant i n today ' s  wor l d . Cons equently , 
i ts us e a s  a narco t i c  has pro l i fera ted i n the Ameri can and 
European countri e s , s ome times to the poi nt o f  caus i ng ma j or 
lega l , �ora l , s oc i a l , and hea l th prob l ems . As s ta t ed , the 
euphor i c  and psychotomimetic activi ty of rnarihuana i s  due 
primar i l y  to d e l ta - 1 - tetrahydrocannab ino l . Thi s com­
pound , for s ome unknown rea s on , tend s to be concentrated i n 
a res in whi ch i s  abundant in the unr ipened frui t s  and 
ad j acent leave s , a nd f lowers o f  the f ema le p l ant . The 
s taminate p l a n t  ha s l i ttle or no concentra tion of the r e s i n . 
Al though much i s  known abou t the e f fec t s o f  marihuana o n  
man , l i tt l e  i s known about the bio logi c a l  activi ty o f  the 
cannab i no l s . The i n toxi cation from us e o f  Cannab i s i s 
usua l ly characteri zed by an onset o f  a dreamy s tate where i n  
the though t proce s s e s  a re impa i r ed, o f ten lead i ng to con fus ion . 
Thi s i s  accompanied by euphor i a and extreme happi nes s  wh i ch , 
i n some c a s e s , a l ternates wi th unusual s tates o f  depres s i on . 
Vi sual and aud i tory ha l luc i nat ions are no t uncommon . Time 
perc ep ti on i s  a lmo s t  a lway s a l tered , and th ere may be nausea , 
di z z ines s , and d e l u s i ons . Cannab i s  i s  no t add i c t i ve , but may 
be hab i tuat in g in a phycholog i c a l  s e n s e  ( S chu l te s  1 9 6 9 ) . 
Method s  o f  tak i ng Cannabi s vary widely . Mo s t  o f ten , 
the dried , c ru s hed f lower top s are smoked . The a c tive 
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ingred i ents may a l s o  be e f fec tive i f i nges ted . I t  may be 
noted that the drug u s ed in the Uni ted S tate s cons i s ts of 
crushed l eave s , twi g s , and tops o f p lants that are notab ly 
low i n tetrahydrocannab i no l , and i s  not the pure res in wh ich 
is u sed i n  other countr i es ( S chu l te s  1 9 6 9 ; Schu l te s  and 
Ho fmann 1 9 8 0 ) .  
Some members o f  the Myr i s t i c ac e a e  are s imi l a r  to mar i ­
huana i n  that they typ i ca l ly l ack ni trogen i n  thei r  chemi c a l  
s truc ture . Thi s i s the only s imi l a r i ty .  I n  th i s  f ami ly 
there are e s s enti a l ly two g enera , Vi ro l a  and Myri s ti c a , 
whi c h  yi e l d  h a l l uc i nogenic e f f e c t s . S chu l te s  ( 1 9 6 9 ) , reports 
that in northwe s tern Bra z i l, and p arts  o f  Colomb i a  and 
Venezue l a , an h a l luc i nogeni c  s nu f f  i s  made from many spec i e s  
o f  Vi ro l a , in c luding � c a l ophy l la , � c a lophy l lo idea , and 
V . theiodora . Recent s tudi e s  h ave found that Viro l a  contains 
h i gh conc entrations o f  tryptarnines  wh i ch are thought to be 
the primary a c tive pr i nc ip l e  i nvo lved i n the h a l luc ination . 
E f f e c t s  inc lude i n i t ia l  exc i tement , numb nes s o f  the l imb s , 
twi tching o f  fac i a l  mus c le s , nau s e a , ha l lucination s , and 
f i na l ly , deep , di s turbed s l eep . Macros copi a i s a l so frequent . 
The nutmeg o f  commerc e ,  Myr i s ti ca fragrans , has a l so 
been employed a s  a narcotic i n  s ome o f the As i a t i c  countr i e s .  
I n  fact , i t  appear s to be th e As i a t i c  counterpart o f  Vi ro l a . 
Nutmeg , contrary to Viro l a , i s take n  ora l ly , and the e f fects , 
wh ich may vary f rom none to tho s e  s imi lar to LSD , may be 
d e l ayed from two to f ive hour s ( Fa r n swor th 1 9 6 8 ) .  Symptoms 
f r equent ly i nc lude d i s tortion o f  t ime , space , and perception ,  
and fee l ings o f  unrea l i ty accompanied by vi s u a l  ha l luc i nations . 
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Side e f fects such a s  headache , dry mouth , and di z z i ne s s  may 
a l so be expe r i enced ( Fur s t  1 9 7 6 ) . 
The tox i c o l ogy o f  nutmeg i s  not comp l etely c l ear , but 
mos t  authors agree that the e f fects are a ttr ibutab le to the 
vo l a t i l e  oi l fraction of the s e ed s . S a frol e , myr i s ti c i n , 
and e l emi c i n  are frequently thought to b e  the active agent s 
in nutmeg ( Farnswor th 1 9 6 8 ) . Fur thermore , i t  i s  suspec ted 
that the psychotomime t i c  e f fec ts are due to vari a tions in 
the content o f  one or more o f  the s e  three s ub s tances .  Of 
the thre e , s a f r o l e  i s  probab ly not an act ive psycho tropic 
sub s tanc e . I t  i s k nown that s a s sa f r a s  o i l , which has 
never been accu s ed o f  being h a l luci nogeni c , has a s a fro le 
content o f  e i ghty percen t . Pure rnyr i s ti c i n  has a l so been 
tes ted on human s wi th l e s s  than po s i tive psychotropic 
results .  Thu s , i t appears that e lemic i n  i s the pr imary 
active i ngred i en t  in nutmeg ( Farn sworth 1 9 6 8 )  . As yet , 
however , e l em i c in i s not ava i l ab l e  i n  pure form for te s ting 
and so , thi s  hypoth e s i s  has not been , and cannot be tes ted . 
I t  may b e  tha t a l l  three are requ i red for a synergi s tic 
e f fect . 
One o f  the o ld e s t  h a l lucinogenic p l ants i n  Ame r i c a  i s  
a t a l l , columna r  member o f  the c a c tu s  f ami ly (Cactac eae ) , 
Trichocereus pachano i , kno�m a s  the S an P edro Cactus . Thi s 
cactus conta i n s  the a lk a l oid me s c a l ine , and was used by the 
I ndi ans of coa s ta l  Peru a s a med i c ina l  ( S chu l tes 1 9 6 9 ) . 
The mos t impor tant member o f  the c a c tu s  f ami ly, however , 
i s  Lophophora wi l l i ams i i ,  be tter known as peyote . Th i s 
c a c tus wa s used by the anc ient Az tec s a s  an ha l luc i nogen i n  
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many o f  thei r  re l i g ious ceremoni es . The Span i sh conquero r s  
endeavored t o  e l imi na te i ts u s age , a n d  the church went as  
far a s  to equate i ts consump tion wi th c anniba l i sm .  Need l e s s  
to s ay , thes e  e f for t s  were never fu l ly real i z ed . Peyote ia 
u s ed today by the Tarahumara , Huicho l , and Cora I ndians o f  
northern Mexi co . I t  has  a l s o  gained popu l a r i ty in the Uni ted 
S ta te s and Canada where i t i s  i ncorporated into the ritua l s  
o f  the Native Amer i can Church ( Sc hu l te s  1 9 6 9 ) . 
The peyote p lant was f i rs t d e s c r ibed in 1 8 8 8  a s  a new 
spec i e s  o f  the genus Anha lon i um . S inc e then , i t has been 
thought to repres ent a spec i e s  o f  Echinocactus , and , f i na l ly , 
i t  has  been shown to des erve recogni ti on a s  a d i s tinct genu s , 
Lophophora . I t  i s popu lar ly ident i f i ed , as  i s  the San Pedro 
Cactu s , wi th the a lka loid me s c a l ine . I n  fac t , me s c a l i ne i s 
only one o f  more than thi r ty d i f ferent a lka loids whi ch have 
been i s o l ated f rom peyote ( Sch u l te s  1 9 6 9 ) . Mo s t of the s e  
cons ti tuents be l ong t o  two s e r i e s  o f  c ompound s , the pheny l ­
e thy l amines and the i s oqui na l i ne s . Al though near ly a l l  are 
b i o l og i c a l ly active , i t ha s been e s tab l i �hed that the ma j or 
hal luc i nogeni c  pr i nc i p le i s me s c a l ine . 
I n  order to i nduc e the p sycho tomime t ic e f fects , the 
p l ant mus t  be inges ted . S evera l o f  the d r i ed "me s c a l  buttons " 
i . e .  tops o f  the cactus , a re chewed . I t may be mentioned 
that th i s  term i s  derived f rom the a lk a l oid me s c a l i ne , and 
ha s nothi ng to do wi th the potent l iquors me s c a l  and tequ i l a , 
whi ch are derived from spec i e s  o f  the genus Agave . The 
'' buttons " are extreme ly b i tter t a s ti ng and may caus e vomi ting , 
accompanied by tremors ,  and p e r s p i r a t i o n . The s e unp l e a s ant 
9 6  
symptoms sub s ide a f ter abou t  one or two hours ,  fo l lowed by 
a dreamlike intox i c a t ing pha s e . I t  i s  in th i s pha s e  that 
the use r experi ences a k a l e idoscop i c  p l ay o f  vi sual h a l lu-
ci nations ( Farn swor th 1 9 6 8 ) . Al though the vi sua l h a l luci na -
tions a r e  the mos t  s pe c tacu lar , aud i tory , o l factory , and 
tac ti l e  h a l luc i nations a l so occur a s  we l l  as a l terations o f  
space and time perception ( S chu l te s  and Ho fmann 1 9 8 0 ) .  
One o f  the r i ches t  a lka loida l f ami l i es i s  the S o l anaceae , 
wh i ch conta i n s  a numbe r  o f  p l ants tha t have been u s ed a s  
hal luc inogens . The mos t  important genu s  i s  Datura . Many 
species , inc lud i ng D .  f as tuo s a , D .  mete loide s , and D .  i nnoxi a , 
have been i nvo lved i n re l i g ious and mag ic a l  r i te s , o r  va lued 
in wi tchcra f t  and sorcerer ' s  poti ons . I n North Amer i c a , the 
Ind ians have made l imi ted u s e  o f j imson weed , Datura s tra-
monium . 
The prepara t i on and u s e  o f  datura d i f f er wide ly in the 
var iou s areas whe re i t is u s ed . Frequent ly , howeve r , it i s 
taken in the form o f  pu lve ri z ed s eeds wh i ch have been dropped 
into a l iquid i n f us i on ( Sc hu l tes 1 9 6 9 ) . The intox i c a tion i s  
characteri z ed a t  the on s e t  by vio l enc e . The user mus t  be 
re s tra ined unti l a deep , d i s turbed s leep ensue s dur ing which 
hal luc inations are common . 
The chemi c a l  con s t i tuents wh i c h  cause thi s  reaction 
inc lude s copo l amine a nd hyo s cyami ne . Together w i th atropine 
they form th e b e l l adonna s e r i e s  o f  a lka loids , wh i ch are 
common to the member s  of the S o lanaceae . Other members 
inc lude mand r a ke ( Mand r a gora of f i c inarum )  , bel l adonna ( Atropa 
bel l adonna ) ,  and henb ane ( Hy o s c y amu s niger )  ( S chu l tes and 
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Ho fman n 19 8 0 ) . 
Another ser i es o f  alkaloid s  are the harma l a  a lkaloid s  
whi c h  a r e  known in at leas t e ight fami l i e s . Chi e f  in impor­
tance of the s e  f amil ie s  i s  the Ma lpighi aceae (Fa rnsworth 
1 9 6 8 ; Schu l tes 1 9 6 9 ) . I n  th i s  f ami l y  i s  the genus Bani steri ­
ops i s , s ever a l  spec i e s  o f  whi ch produce b i zarre ha l luc inat ions , 
particu l ar ly � caapi and B .  inebrian s . The a c t ive con s t i t­
uent s , harmine , harma l ine , and tetrahydroharmi ne , are found 
in the b ark . The s e con s t i tuents are a l so found in Peganum 
harrna la o f the Zygophy l l aceae . Th i s part icul ar p l ant a l so 
harbor s narma l o l  and harman . The decocti on prepared from the 
bark of Bani s teriops i s  is o f  ten c a l l ed ayahuas c a , cappi ,  or 
�- The decoc tion i s  inges ted to i nduc e  i ntox i cation . The 
e f fects u su a l ly beg in wi th- nervousne s s , nau s e a , and profu s e  
per spiration . Thi s i s fo l lowed by co lor fu l , v i s ua l  h a l luc ina­
tions . Mu scular coordinati on is rarely a l tered . Al though 
norma l ly taken as a beverage , S chu lte s ( 1 9 6 8 ) reports that 
natives o f  northwe s tern Ama z on exploi t Ban i s ter i ops i s in the 
form of a snuf f . 
Seve r a l  o ther snu f f s  are prepared , many o f  wh ich come 
from leguminous trees . The be s t  known i s  yopo or cohoba o f  
the Orinoco are a s  o f  Co lomb i a  and Vene z ue l a . Thi s ha l luc i no­
genic agent come s from the toa s ted beans of Anadenanthera 
peregrina . When b lown into the no s tri l s , i t  c a u s e s  an 
intoxication character i z ed by a temporary fury a nd trance 
which is accompanied by vi sua l h a l luc i nation s , and eventua l ly , 
s tupor ( Schu l te s  1 9 6 9 ) . I n teres t i ng l y  enough , the native s  o f  
thi s a r e a  have found tha t t h e  p s ycho tomime t i c  e f fects a r e  
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more rapid ly f e l t  i f  the yopo i s b l own into the rectum . 
Sophora s ecund i f  lora i s another leguminous p l ant wh i ch 
yi elds h a l luc inogeni c agents . The fru i ts bear dark r ed 
beans c a l l ed " me s c a l  beans " ,  aga i n , no t  to b e  confus ed with 
agave deriva tive s or peyote , whi c h  conta�n the toxic pyr i-
dine, cy t i s ine . Thi s a l k a l oi d c a u s e s  nau s ea ,  convu l s i ons , 
ha l luci na tions and occ a s iona l l y  death from respi ratory 
f a i l ure . Indian groups o f Mexi c o  and Texas , in the pa s t , 
have inge s ted the s e  s eeds i n ceremoni a l  r i tua l s . 
Among the native s o f  Az tec Mexi c o , in the upland s o f  
Oaxaca , o lo l i uqui w a s  u s ed f o r  d ivi na tory and ha l l uc i na tory 
purposes ( Schu l tes and Hofmann 1 9 8 0 )  . Olo l iuqu i i s  der ived 
from the s eeds of Rivea coryrnbo s a . Very s imi lar to thi s , 
and a l s o  i n the s ame fami ly i s  Ipomoe a  violacea , wh ich the 
natives c a l l "badoh negro " . Bo th Rivea and I pomoea are in 
the morning g lory f ami l y  and both a re prepared i n  the s ame 
manner . The s e eds mus t  be g round to break the seed coat 
or testa .  Fo l l owing thi s , th e s e ed s  are soaked i n water 
or an a l c oho l i c drink and then f i l tered ( Schu l te s  1 9 6 9 ) . 
The f i l tra te i s inges ted to induc e the ha l lucination . 
Re lative ly recent d i s cove r i e s  have found the a c t ive 
princ i p l e s  to be c lo s e ly r e l a ted ( i f not ident i ca l , in s ome 
i ns tances ) ,  to tho s e known from ergo t ( C lav i c ep s  purpurea ) 
( Farnswo rth 1 9 6 8 )  . The active a lk a loids in the s e  s e ed s  are 
ergo l ine ,  whi c h  is c lo s e ly r e l a ted to LSD , ergine , i s oergine , 
ergometr ine , chanoc l avine , and e lymoc l avi ne . Further work 
in thi s  are a  has i ndi c a ted that s e e d s  from other convolvu la-
ceou s p l ants contain ergol ine a lk aloids . I t i s  o f  i ntere s t  
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to note tha t the lysergic acid a lka loids are known only 
from the lower fungi and th i s evo lutionar i l y  advanced 
fami ly . 
F in a l ly , there are many specie s , even genera and 
fami li es , that a re hal l ucinogenic ,  of wh ich l i tt l e  i s  
known . Some o f  the s e  are worth mentioning b r ie f ly .  
Kwa s h i  ( Panc r a ti urn tri an thurn ) i s a p l ant exp loi ted 
by the Bushmen of Botswana ( S chu l tes 1 9 7 6 ) . I t  _ i s  uni que 
in that the b u lb , a swo l len , underground s tern ,  i s  rubbed 
over inc i s ions in the head to i nduce vi sual ha l luc inations . 
The crushed l e ave s o f  S alvia divi norurn y i e l d  an i ntoxi c a ti ng ly 
ha l lucinogeni c drink used by the Ma z atec Ind i ans of Oaxaca 
( Fa rnsworth 1 9 6 8 ; Schu l tes 1 9 6 9 ) . As  yet , chemi s ts have been 
unab le to fi nd a toxi c  con s t i tuent i n  Salvi a . The Ma z a te c s 
l ikewi s e  empl oy the leaves o f  Co l eus purni l a  and C .  b lurne i ,  o f  
whi ch no chemi c a l  ana ly s e s  have been made ( Schu l te s  1 9 6 9 ) . 
Tabernanthe iboga i s employed by the native s  o f  trop i c a l  
Wes t  Afr i c a . The natives chew the root o f  thi s p l ant to o f f -
s e t  hunger a nd f a ti gue . I n  l arge dos e s , i t c au s e s  exc i tement , 
mental con fus ion , and a drunken sort o f  madn e s s . Reports o f  
vi s ual h a l luc inati on s  a r e  rare and vague ( Furst 1 9 7 6 ; S chu l te s  
1 9 6 9 ) . 
PLANT NAMES 
S c i enti fi c Name 
Agave rn..:_ 
Arnan i ta 
rnu scaria ( L . ) F r . 
Common Name Fami l y  
agave Agavaceae 
f ly agar i c  Agar i c a c e ae 
PLANT NAMES - continued 
Scienti f i c  Name s 
Anadenanthera 
peregr in a  ( L . )  Speg . 
Anha l on iurn �­
Atropa be l l adonna L . 
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Conunon Name s 
cohoba 
be l ladonna 
Ban i s ter i ops i s  c aapi 




So l anaceae 
Ma lpighiaceae 
B .  i nebr i an s  Mor t . ya j e  Ma lpigh i ac e ae 
C annabi s  s ativa L .  mar ihuan a , h emp , Cannab inaceae 
gr a s s , pot 
C l aviceps purpure a  ( Fr . )  Tul . ergot Hypocreaceae 
Coleus b lurne i  Benth .  coleus Lab i a tae 
C .  purni l a  B l anco coleus Labi a ta e  
Conocybe spp . 
Datura f a s tuo s a  L .  
D . i nnox i a  Mi l l . 
D .  mete l oide s DC . 
D .  s tramoniurn L . 
Echinocactu s s pp . 
Hyocyamus niger L . 
Ipomoe a  v i o l acea L .  
Lophophor a  
wi l l i ams i i  ( Lem . ) Coulter 
Mandragor a  o f f ic i narum L . 
Myr i s t i c a  fragr ans Houtt . 
Pancratium 
tr i anthum Herber t  
P aneo lus spp . 
Agar i caceae 
S o l anaceae 
s acred d atura Solanaceae 
s acred datura Solanaceae 
j imson weed So l anaceae 
Cactace ae 
henbane S o l anaceae 
badoh negro Convo lvul ace ae 
peyote Cact a c e ae 
mandr ake S o l anaceae 
nutmeg , mace Myr i s t i c aceae 
kwashi Arnary l l idaceae 
Ag ar i caceae 
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PLANT NAMES - continued 
Scient i f i c  Name s 
Peganum harmala L .  
P s i locybe mexicana Heim .  
Rivea corymbosa ( L . ) Hal l i er 
Salvi a 
divinorum Epl ing and Jativa 
Common Name s 
Afr ican rue , 
harmel a  
p s i locyb in 
mushroom 
olol iuqui 
hierba de la  
virgen 
Fami ly 
Zygophy l l aceae 
Agar icaceae 
Convo lvu l aceae 
Labi atae 
Sophora me scal bean Leguminosae 
secund i f lora ( Or t . )  Lag . ex DC . 
Strophar ia spp . 
Tabernanthe iboga Bai l l . 
Tr ichocereus pachanoi Fr ied . 
Virola c alophy l l a  Warb . 
v .  calophyl loidea Markgr . 
Agar i caceae 
iboga Apocynaceae 
S an Pedro cactus Cactaceae 
viro l a  Myr i s ti c aceae 
viro la Myr i sti caceae 
v .  viro la Myr i s t i caceae -theiodora ( Spr . ex Bth . ) l\larb .  
Wi ster i a  
s 1nen s 1 s  ( S ims ) Sweet 
wi s teria Legumino s ae 
MEDICINAL PLANTS 
The h i s tory of  med i c i ne is rooted in the my th s and 
j 
records o f  anc i ent Egypt , I nd i a , Ch i na , and Greece . 
I nnumerab l e  vo l umes of  l i terature have b e en wri tten con-
cerning thi s  a s pect of  human deve lopment . Yet , the who l e  
s tory wi l l  never be known ,  for i ts o r i g i n  b e longs t o  the 
preh i s tori c  d ay s  before written record s were kept . 
Pos s ib ly the f i r s t  pers on to s tudy p l ants for thei r 
med i c inal value was the legendary Emperor o f  Chi na , Shen 
Nung . Shen Nung i s  reputed to have known the med i c i n a l  u s e  
o f  s ome 3 6 0  s pec ies of plants ( Tippo and S tern 19 7 7 ) . No 
wri t ten record of thi s  exi s ts , and, in fa c t , no r ecords were 
wri tten i n China unti l  c enturi es l a ter . The f i r s t  wri tten 
record known to man comes from Egypt .  The Ebers  Papyrus , 
thought to be one of the mi s s ing book s o f  Herme s Tri smag i s tus , 
the Father o f  Alchemy , date s f rom a round 1 5 0 0  B . C .  ( Whe e l -
right 19 7 4 ) . I t  contains 7 0 0  pre s c r iptions , some o f  whi ch 
i nvo lve the use o f  vegetab l e  extracts tha t  are s ti l l  i n use 
today . Thi s testi f i es to a somewha t  soph i s ti c ated knowledge 
o f  pharmac y  a t  that ear ly date .  
As far  a s  the Wes tern world i s  concerned , medi c i ne can 
b e  dated from anc i ent Gre ece . The mos t  memorab l e  f i gure i s 
Hippocrates o f  Cos , born i n 4 6 0  B . C .  ( Whee l r i ght 1 9 7 4 ) . 
Hippoc rates i n i t iated the c lassi cal per i o d  o f  G r e e k  med i c ine. 
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As he trave l ed and s tudied he a l s o  i n s ti tuted what we now 
know as the Hippocrati c  trad i tion ( oa th } . Under hi s  inf lu-
ence , peop l e  were led away f rom s pe l l s  and mag i c  arid were 
• 
taught the natura l  l aws o f  the human body and heal i ng . He 
a l so i n i t i a ted the e th i c a l  princ i p l e s  o f  mode s ty , i ncorrupt-
ibi l i ty ,  and human i ty of b ei ng a phy s i c i an . I n  4 9 0  B . C .  he 
organi z ed a c o l l ege of med i c ine , , The Temple o f  Ae scu l api u s  
( K l i en 1 9 7 9 }  . The co l lege o f  med i c i ne wa s continued a f ter 
the death of Hippocrates by men such as Socrates , hi s pupi l ,  
P l a to , P lato ' s  pupi l ,  Ar i s to t le ,  and Ar i s to t l e ' s  s ta r  pupi l ,  
Theophras tus ( 3 7 2 - 2 8 7  B . C . ) . Theophra s tu s  was respons ib l e  
for mo s t  o f  the wri t ten records o f  tha t  time . Un fortuna te ly , 
much of hi s work has been burned . 
The next names to appear a s  ear ly contr ibutors to the 
medicinal u s e s  o f  p l ants are P l i ny , Dioscorides , and Ga l en iu s 
( Ga l en } . P l i ny beg an pub l i s h i ng i n  7 7  A . D . , a ma s s ive work 
c a l led Natura l  H i s tory . Thi s  eventua l ly inc luded 37 vo lume s , 
many of whi ch were ded i cated to p lants and the i r  u s e s  ( K l e i n  
19 7 9 ) . Dioscoride s , a n  army s urgeon , l ived at approximate ly 
the s ame time . Tippo and S tern ( 1 9 7 7 )  s tate tha t  i n  h i s book , 
De Mater i a  Med i c a ,  Dioscorides d i s c u s s ed s ever a l  thous and 
medi cina l  and drug p l ants , thei r  pr eparati o n , and use . Th i s  
book formed the b a s i s o f  c l in ic a l  med ic ine for the next 1 5 0 0  
years , and wa s s upp l emented only by the work s o f  Ga l en iu s  
( 1 2 9  - 19 9 A . D . ) . Ga len was a Greek phy s i c i an who ma i nt a i ned 
that di s e a s e  i s  contrary to na tur e and can be overcome by 
that wh ich i s  contrary to d e s e a s e ( Kl e i n  1 9 7 9 } . Dur i ng the 
Dark Age s , D i o s corides and G a l en were accepted a s  author i t i e s , 
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and the i r  wri ti ngs formed a dogma whi ch n o  others cou ld 
di spute . Scr ib e s  copi ed the i r  work , introduc i ng no new 
information .  From 2 0 0 to 1 1 0 0  A . D . , no books on med i c i ne 
or any s c i ence were wri tten . 
Fo l lowing the Dark Age s  wa s a per i od which may be 
cons idered a botan i c a l  renai s s ance . Dur i ng th i s  time the 
herb garden , c a l l ed Phy s ick Garden , became a part o f  every 
c a s t l e , court , h o s p i ta l , and med i c a l  c o l l ege . Throughout 
th i s  time ,  l i t er a l ly hundreds of book s we re pub l i s hed owing 
to the propert i e s  o f  each i nd ividua l ' s  phy s i ck g arden . Thi s  
became the mode and las ted unti l the e a rly parts o f  the 
s eventeenth cen tury . I ndeed , many o f  the s eventeenth c entury 
wri ters were i n f luenced by the work of the herba l i s ts of the 
previou s century . I t  was a l so during tha t  time ( 1 6 th c entury ) 
that the "doctrine o f  s i gna ture s " became wide ly acc epted i n  
Europe . Accord i ng to thi s theory , many med i c ina l p l ants 
exh ibi t c l early v i s ib l e  s i gns whi c h  i nd i c ate the i r  u s e s 
( We i ner 1 9 7 2 ) . Persons who a s cr ibed to thi s idea he ld tha t  
the shape or color o f  a particular p l an t  poi nted t h e  way to 
cures . For examp l e , the l iver l eaf ( Hepati c a  acuti l oba ) was 
once u s ed to tre a t  l iver di sorder s . The l eave s o f  thi s  p l ant 
look l i ke the human l iver , hence its common name and u s e 
accordi ng to thi s  doctr ine . 
When the ear ly s e t t lers f i r s t  arrived i n North Ameri c a , 
many carr ied wi th them herb a l  remed i e s  whi c h  we r e  commonly 
employed i n Europe ; among them , the " do c tr ine o f  s i gnatures . "  
I t  i s  i nter e s ting to note , however ,  tha t th i s doc trine wa s 
a lready emp l oyed among the native I nd i ans . Fur thermore , i t  
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i s  intr i gui ng to note tha t  the medi c inal lore o f mos t primi -
tive peop l e s  ha s been found ed on thi s doc trine . 
By the midd l e o f  the s eventeenth century ,  many count r i e s  
imported herbs from a l l over t h e  wor ld . Yet , there was no 
way to insure the pur i ty or potency o f the herb s . I t  wa s a t  
thi s t ime that a l chemy began to evo lve into the s eparate 
s c i ence s of phys ic s  and chemi s try ( K l e in 1 9 7 9 ) . Al so a t  about 
th i s  time , the apo thec ar i e s , who had been mer e  s e l l er s  o f  
herbal remed i e s , began to deve l op c rude method s o f  ana ly z ing 
the herb s , i n  an a ttempt to s ta ndardi z e  the i r  mater ia l s . I t  
was a l s o  nece s s ary to s tandardi z e  the great var iation i n  the 
formu l as of pre s c r i ptions . The pr e s c r iptions had former ly 
been handed down from ance s tor s , and so each phy s ic i an had 
learned a d i f ferent " re c ipe . "  The apothecari e s  made it the i r  
t a s k  t o  e s tab l i sh d i rec t ion s and/or gu ide l i nes for mix i ng 
herbal med i c i ne . They recorded the d irections i n  wri tten 
vo lumes c a l led pharmacopoe i a s . Pharmacopoe i a s  have gone 
through many change s  throughout h i s tory . New remed i e s  have 
been added , whi le o l d  ones , wh i c h  have proven inef fec tive , 
have been removed . By the end o f  the e i ghteenth century , 
f i e lds o f  pharmacogno sy , ma ter i a  med ica , and med i c i na l 
chemi s try were s e t  up i n  med i c a l  schoo l s . The age o f  modern 
med i c ine had begun . 
S ince then , man has  made r emarkab le s tr ides in the area 
o f  med ic ine . The area of med i c ine ha s me t w i th ever increa s -
i ng s tandards and a n  ever increas ing number of  pre s c r iptions . 
In fac t , the numb er o f  ava i l ab l e pre scr iption s may be we l l  
over 3 0 0  mi l l ion ( Tippo and S tern 1 9 7 7 ) .  Many o f  the s e  are , 
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of cour s e , f a c tory mad e or o f  syntheti c  orig i n . S t i l l , near ly 
for ty - s even pe rcent of the pr escr ipti ons u s ed today contain a 
drug from natur a l  p l ant source s  ( We i ner 1 9 7 2 ) . 
Obviou s ly , the surviva l o f  man h a s  been d ependent on h i s  
curio s i ty and d e s i re t o  exami ne a l l  aspects o f  hi s  envi ron­
ment , and to dec id e  whi ch materia l s  are remed i a l . Much of 
th i s know l edge has  a l ready pa s s ed away wi th prev i ou s genera­
tion s , a nd some i s s ti l l  to be learned from primi t ive Indian 
tribes . Wi th f o r ty- s even percent o f  med i c a l  pr e s cr ipt ions 
r e li ant on natur a l  p l ant sources , we mus t ask i f our s upp ly 
o f  botan i c a l  s ou r c e s  is end les s . We s hould a l s o  be concerned 
wi th the rapi d d e s truc tion of vegetati on ,  whi ch con ti nue s  to 
deplete the d iver s i ty o f  p l ant spec i e s . We mus t prevent the 
extinction o f  even a s ingle spec i e s  tha t  might prove i nva lu­
ab l e  to man ' s  h e a l th and we l fare . 
As s uming that i nva luab l e  spec i e s  a s  yet und i s covered , do 
exi s t , how doe s o ne go abou t f i nd ing them? Tippo and S tern 
( 1 9 7 7 ) , di scus s three pos s ib i l i ti e s . F i r s t  there is the o ld 
s tand-by , tr i a l  and error . The h i s tori c a l  account o f  med i c i ­
na l s  make s i t evident that thi s  method i s very t ime consumi ng ,  
no t to mention c o s t ly . 
The s econd method invo lve s the s tudy o f  p l ants u s ed in 
folk med i c i ne a s  r eported i n  the l i terature . Chroni c l e s , 
exp loration a c count s , mi s s ionary repor t s , and a n thropo l i g i c a l  
papers a r e  a l l  e xc e l lent sources of thi s type o f  s tudy . Many 
of our pre sent med i c ina l s ,  inc lud ing ant ibioti c s , cou ld have 
been pu t into u s e  hundreds of year s e a r l ier had we been 
receptive enough to heed the word s of anc ient sourc e s . Of ten 
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herbar ium spec imens wi l l  inc lud e i nformation o f  thi s type o n  
the ir labe l s , and s o  they too s h o u l d  be con s u l ted . 
The thi rd method i s  perhap s the be s t  approach . Th i s 
me thod involves extens ive f i e l d  work among abori g i na l  peop le s . 
For example , thos e  i n  the Ama zon regi on o f  South America . 
Many new ha l luc inoge n s  and mus c l e  r e l axants have been found 
thi s way . 
There i s , e s s enti a l ly , one wi de ly accepted method o f  
c l as s i fy i ng med ic i na l s , and that i s accord ing t o  the d i sorders 
for whi ch they are pre s c r ib ed . Thi s  me thod can be very long , 
however , a s  there are an abundance o f  d i s order s . Therefor e , 
the remaining por tion on med i c i na l s  wi l l  be conc erned w i th 
some repre s enta tive s o f  med i c in a l ly important plants . 
Perhaps the mos t  r enowned botanical  drug i s  opium , whi c h  
i s  ob tained f rom the opium poppy , P apaver somni ferum . There 
are s evera l spe c ie s o f  the genu s  P apaver , but th i s  i s the only 
one wi th a lkaloids  o f  medi c a l  i ntere s t  ( Kl e in 1 9 7 9 ) . Further-
more , the a lkaloids contained there i n are numerou s , but only 
thre e of the s e , morph i ne , codein e , and theba ine , are o f  
medicinal va lue ( Schery 1 9 7 2 ; K lein 1 9 7 9 ) . C los e  to e l even 
percent of opium is the s i ng le a lk a lo id morph i ne , near ly two 
percent i s  code ine , and theb a ine compr i s e s  j u s t  under one per-
cent of  the opium gum ( K l e in 1 9 7 9 ; Lewi s and Lewi s 1 9 7 7 ) . 
Although pres ently grown for c ommerc i al  use , the p l anting , 
cultivation , and harve s t  are s ti l l  done by the s ame method 
tha t  ha s been used for age s , name ly by hand . Cons equently ,  
the commerc i a l  growing o f  the poppy mus t  take place i n cheap 
l abor areas . As a r e s ul t , mo s t  commerc i a l  opium come s f rom 
1 0 8 
India , Chi na , th e Near Eas t ,  and the Med i terranean ( Schery 
19 7 2 ; K l e in 1 9 7 9 ; Morton 1 9 7 7 ) . 
The a lkalo id s  are produced by i nc i s i ng the mature capsule , 
tak ing care not to cut too deep ly . A thick exudate oo z e s  out 
and coagu lates as a gum on the s ide of the c apsu l e . The gum 
i s then scraped o f f  and kneaded into dark y e l low ba l l s  o f  
opium wh ich are shipped to buying centers ( Schery 1 9 7 2 ) . 
As a med i c i ne , opi ates are i nva luab l e . They are u sua l ly 
taken ora l ly , rec ta l ly , or by means o f  a hypodermic .  The i r  
ma j or e f fects a r e  on t h e  c entra l nervous sys tem , and i nvo lve 
a genera l  decre a s e  i n arou s a l  to painful s timu l i ( Lewi s  and 
Lewi s 19 7 7 ) . Hence , they are usual ly u s ed a s  ane s th e ti c s . 
Opiates are espec i a l ly useful  i n  burn c a s e s , a nd h ave been 
used extens ive ly in a l l  wars a s  pai n  k i l le r s . The chi e f  a lka­
loid used is morph i ne . Codeine , known a l so as methy lmorphi ne , 
i s mo s t  o f ten u s ed , a s  i s  morphine , in cough mixture s to 
rel i eve d i s tre s s i ng coughs ( Lewi s and Lewi s 1 9 7 7 ) . 
The opi a.tes are not wi thout drawback s .  The add i c t i ng 
character of the s e  drugs i s we l l  known . Morph ine i t s e l f  i s  
addi c ti ve . When th i s  was d i s covered i n the l a te 1 8 0 0 ' s  
experiments were made to f i nd nonadd i cting drugs o f  a s imi lar 
nature . The answer to thi s  prob l em c ame i n  1 9 8 9  w i th the d i s ­
covery and subs equent introduc t ion o f  hero ine . Heroi ne , a 
di acety lmorphi ne , i s a s emi - synthetic , i . e .  art i f i c i a l  a lka­
loid made by heat ing morphi ne wi th acetic ac id ( Ti ppo and 
S tern 1 9 7 7 ) . Heroin wa s s oon p laced on the market a s  a harm­
les s , nonaddi c ti ng s ub s t i tute for morphine and code ine . 
Approximate ly s even years later , in  1 9 0 5 , i t  wa s d i s covered 
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th at heroin i s , in fact , add i c ting ; and furthermore , i t  
appears to b e  three times a s  potent a s  morphine ( Lewi s and 
Lew i s  1 9 7 7 ) . 
Coc a , or cocaine ,  i s  a no ther a lka loida l s edative .  I t  
. i s d e r i ved f rom Ery throxy lon coca , and , l i k e  op i um , a f f ec t s  
the centra l nervous sys tem ( Morton 1 9 7 7 ) . Shor t ly a f te r  i t  
was found to po s s e s s  l oc a l  ane s th et i c propert i e s  i t  became 
wid e ly us ed in denti s try and surgery whe re a mere l oc a l  
anes the tic w a s  needed . Also , s imi l a r  to opium ,  coca ine cou ld 
be mi s u s e d . Aga i n , res earch wa s begun to fi nd subs t i tutes . 
I n  thi s ins tanc e , however , the r e s earch paid o f f  wi th the 
d i s covery and subs equen t subs ti tution of synthe s i z ed nova­
c a ine and procain e  ( Lewi s  and Lew i s  1 9 7 7 ; Schery 1 9 7 2 ) . Today 
there is l i tt l e  u s e  of coc a i ne in modern med i c i ne . 
Bes ides i ts use  a s an ane s th e ti c , coca i s  mos t  famou s  
a s  a s timu l ant and hung er depre s s an t o f  Andean laborers . The 
cond i tions o f  the Ind i ans o f  Ecuador , Peru , and Bo l iv i a are s o  
poor as t o  make nec e s s a ry the chew i n g  o f  coca leaves . For 
economi c reasons , the natives of the s e  countr i e s  mus t  work 
long , hard hours . The coca l eave s , when chewed wi th l ime 
or le a f  ash to release the a lkalo ids , frees them from fatigue 
and hunger , and a l lows them to con t i nue working under deplor­
ab l e  cond i tions ( Hi l l  1 9 5 2 ) . 
Whether or not cocaine i s  add i c tive i s  s urrounded by 
controver sy . Ri chard E .  Schu l te s , no ted ethnobotani s t  o f  
Harvard Univer s i ty , tes ti f i e s  tha t , du ri ng e ight years o f  
s tudy in the Ande s ,  h e  too found i t  nec e s s ary t o  chew coca 
l eave s to ward o f f  f a t i gue . Upon re turni ng to the States , 
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h e  c l a ims to h ave no de s i re t o  u s e  cocaine again ( Tippo and 
S tern 19 7 7 ) . Others d i s agree , however , and ma intain tha t 
wi thd rawi ng u s er s  characteri s t i ca l ly have a s trong compu l s i on 
to re turn to u s ing cocai ne ( Lewi s  and Lewi s  1 9 7 7 ) . 
One of the more d angerou s drugs i s colchi c in e , a l s o  
a lkaloidal i n  na ture . The rea son for i t s  potent i a l  danger i s  
that i t  has long been recogni z ed a s  a po i son ( Ei g s ti and 
Dus tin 1 9 5 5 ) . Neverth e l es s , early exper imentat i on found that , 
in correct dos e s , the drug could be u s e f u l  i n  trea ting gout 
( Schery 1 9 7 2 ) . Furth ermore , the u s e  o f  Co lch i cum autumna l e , 
one spec i e s  o f the genu s Co lchicum ( autumn c rocu s ) whi ch 
yie lds co lch i c ine , in trea ting tumors ha s b een recommend ed 
as early as D i o s cor ides time ( Kri eg  1 9 6 4 ) . 
The di s ease whi ch i s ca l l ed gout i s a s s oc i ated w i th h i gh 
blood l eve l s  o f  ur i c  acid . I n  i ndividua l s  who s u f fer from 
thi s d i sease , uri c a ci d  i s  depos i ted i n the form of urate 
c ry s ta l s .  An i n f lammati on o f  the a f fected par t s  fo l l ows whi ch 
i s  due to the accumu l a ti on of lysosomes tha t  are formed wh en 
the cry s t a l s  are phagocyti zed . C o l ch i c i ne breaks the reac tion 
that l eads to i n f lamma tion by i nh ib i t ing the phagocyti c  
activi ty o f leucocy s t s  for the urate c ry s ta l s  ( Lewi s and Lewis 
1 9 7 7 ) . I t  has been we l l  es tab l i s hed th at the activi ty taken 
by the alkaloi d  d i s rupts the spind l e  mech ani sm duri ng mi to s i s  
preventing the me taph a s e  s tage and thus b lock ing c e l l  d ivi­
s ion ( Eigs ti and Du s ti n  1 9 5 5 )  . The immed i a te rami f i c a tions of 
th i s  inc lude the pos s i b l e use o f  colchic i ne a s  a too l for 
cancer ch emo ther apy . C l i n i c a l  s tu d i e s  i n thi s  area h ave been 
made , but have proven frui t l e s s . S urpr i s i ngly though , 
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compounds from ano ther plant , periwi nk l e  ( Vinca ro s ea ) , 
exh ib i t  s im i l a r  ant i - tumor propert i e s  and have met wi th 
con s iderab l e  succ e s s ( Kre i g  1 9 6 4 )  • I t  may be noted that the 
per iwink l e  extrac ts were d i s covered qui te by chance wh i l e  
s earching for ora l insul i n s ub s ti tutes . The p lant had been 
c i t ed in fo lk med i c i ne as an a id in treat ing d i abetes ( Lewi s 
and Lewi s 19 7 7 ) .  
Another old but s ti l l  important drug o f  a lka loidal 
nature is  be l l adonna . The chi e f  s ou rce o f  bel ladonna i s 
Atropa b e l l adonna , the dead ly ni ght s h�de , but related plants 
such as Mandragora o f f i c i narum , (mandrake ) ,  spec i e s  o f  Datura , 
and Hyos cyamu s ni ger , ( h enbane ) ,  a l s o  y i eld s imi l ar alkaloids 
( Schery 1 9 7 2 )  . The re are thre e  ma j or a lkaloids taken from 
the s e  p l ants , a t ropi ne , s copo lomi ne , and hyoscyamine , wh i ch 
together form wha t  i s  referr ed to a s  the " be l l adonna s e r i e s " 
o f  a lkaloids ( Ti ppo and Stern 1 9 7 7 ) • Of a l l  the a lkaloids 
derived f rom b e l l adonna , the s e  three are mo s t  u s ed in med i c ine . 
In  genera l ,  they serve a s  s t imu lants o f the sympa thetic 
nervou s system ,  and h en c e , can b e  used a s  antido tes for opi um 
a lkaloid s , a s  diureti c s , in di lating pupi l s , and i n  treat-
rnen t  of palsy ( S chery 1 9 7 2 ; Mor ton 1 9 7 7 ) . 
Hyo s cyarni ne i s  important becau s e  i t  i s  eas i ly converted 
into atropine . Atropine may b e  u s ed to s t imu l a te c i rculation , 
decrea s e  mus c l e  spa sms , and re l i eve pai n loca l ly . Scopo lomine , 
on the o ther hand , acts primar i ly on the parasympa thet i c  
nervou s s y s tem a n d  results  in a narcot i c  or tranqu i l i z ing 
e f fect . I t  h a s  formerly been used i n  comb ination wi th morph ine 
to produce an ana lges i c  or ane s the s i a  e f fect ca l l ed " twi l i ght 
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s l eep " . Thi s has been wi de ly used dur in g  chi ldb irth ( Lewi s  
and Lew i s  1 9 7 7 ) . Unti l the ni neteenth century , co l l ecti on 
of the se plants wa s c hi e f ly f rom wi ld source s . Since tha t 
time , however , s igni f i c ant c u l tivation has been practi c ed • 
• 
One o f  the out s tand ing d eve lopments of more recent time s 
ha s  been the d i scovery o f  the medi c i na l  propert i e s  o f  s nake-
root . Snakeroot be l ong s to the genus Rauvo l f i a , wh i ch is a 
member o f  the Apocynaceae fami ly .  Several spec i e s  o f  the 
genus , particu l a r ly R .  s erpentina and R .  vomi tor i a , are the 
source of r e s e rpine , an a lk a l oid u s ed in trea ti ng hyperten-
s ion ( Lewi s  and Lew i s  1 9 7 7 ) . Reserpine i s  chemic a l ly s imi l a r  
t o  a sub s tance found i n  the brain c a l led s erotoni n .  I t  a c t s  
o n  the sympatheti c nervous sy s tem by depleting neurotrans -
mi tter sub s tance s . Th i s b lockage o f nerve t i s sue sub s tance s  
re s u l t s  i n  the relaxati on o f b l ood ves s e l s  and output o f  
the heart ( Lewi s  and Lew i s  19 7 7 ) . U l timate ly , res erpine c a n  
be used i n  t h e  treatmen t  o f  s chi z ophrenia and s imi lar 
symptoms , other men tal i l l ne s s e s , hypertens ion , and s imp ly 
for lowering b lood pre s sure . I t  may be noted that the root s  
are the chi e f source o f  the drug ( S chery 1 9 7 2 ) . Syntheti c  
res erpine i s  ava i l ab l e , b u t , a s  wi th many syntheti c s , i t i s 
more expens i ve th an na tur a l  mater i a l s  ( Kreig 1 9 6 4 ) . 
The prope r t i e s  of  r e s erpi ne have l ong been known and 
employed in I nd i a  and o ther As i a tic countr i e s . I ts u s e  i n 
th e Wes tern world , however , was no t prominent unti l the e a r ly 
1 9 5 0 ' s  ( K l ei n 19 7 9 ) . Th i s  i s ano ther c a s e  in whi ch the 
s earch for med i c inal p l an t s  vi a folk lore has l ed to a boon 
for s c i ence . 
• 
1 1 3  
Among th e i l l s tha t humans are s u s c ep t ib l e  to i s  
cardiac i n s u f f i c i ency . Thi s  a f f l i c tion i s characteri zed by 
a weakened , i rregu lar hear tbeat wh ich f a i l s  to pump enough 
b l ood through the body ( Lewi s  and Lewi s  1 9 7 7 ) . Cons equent ly , 
f luids c o l l e c t  in the arms , legs , a nd abdomen becau s e  the 
kidneys c anno t per form the i r norma l func t i on .  Thi s  swe l l ing 
i s  known as d ropsy o r edema . The cure for th i s d i s ea s e  i s  
d i gi ta l i s , a power ful and dangerous heart s t imu l ant derived 
from foxg love , ( Digi ta l i s  purpurea ) . I t  has been found tha t  
d ig i ta l i s  i s  n o t  a s ing le compound , b u t  rather ,  a mi xture o f  
four or - five c ardiac g lyco s id e s  tha t i ntera c t  wi th one another 
( K lein 19 7 9 ) . Di g i ta l i s has been u s ed a s  a med i c a l  herb for 
centurie s .  I n  fact , the d i s coverer o f  i ts app l ic a tion to 
dropsy ,  Dr . Wi l li am Wi thering ,  purchas ed it from a vi l l ager 
near hi s home town who wa s b e l i eved to be a wi tch . Mr s . Hutton , 
the witch , had been u s ing i t  a long wi th many o ther herb s  and 
i ncanta t io n s  in cur ing dropsy . I t  was Wi ther� ng , however , who 
noted tha t  the d iuretic properti e s  were due to d i g i ta l i s . He 
a l so noted that i t  h ad " power over the moti on of the heart " 
( Klein 1 9 7 7 ) . The cure for dropsy i s , i n  fact, due more to the 
actions of the drug on the heart , than to i t s  d i uret i c  e f fects . 
I f  taken i n  proper doses , d i g i ta l i s es senti a l ly l engthens the 
interva l b e tween heart contrac tions . Th i s , i n  e f fec t , improves 
the tone o f  the heart musc le by mak i ng it s lower , but much 
s tronger ( S ch ery 19 7 2 ) . Becaus e of the improved acti on of the 
heart , c i rculatio n  and renal secretions are improved and edema 
i s  re l i eved ( Lewi s and Lew i s  1 9 7 7 ) . I t  s hould be obvious that 
d i gi ta l i s i s e f fec tive in i ts app l i cat ion to other card io-
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vas cular prob l ems , espec i a l ly thos e  c aused by mechanic a l  and/ 
or s tructura l d e f e c t s  o f  the heart . Other uses  i nc lude treat-
ments for g laucoma , neura l g i a , and other phy s iolog i c a l  d i s ea s e s  
( K lein 1 9 7 9 ) . 
Ano ther d i s ease which h a s  p l ayed a trag i c  ro le i n the 
hi s tory of man i s  ma lari a . I t  has  k i l l ed more peop l e  than any 
o f  the p l agues , war s ,  and automobi le acc idents . Th i s  d i s ea s e  
i s caus ed b y  s pe c i e s  o f  the genus P la smodium , a proto zoan . 
Those s pec i es tha t  are par t i c u l ar l y  in fectious inc lude 
!::._ vivax , � ova l e , P . f a l ciparum , and � ma l ari ae ( Lewi s and 
Lewi s 1 9 7 7 ) . Thes e  organi sms po s s e s s  an a l terna tion o f  genera-
tions , i . e .  i n  thei r l i fe cyc l e  there are two s tage s , the 
sporophyte or a s exua l s tage , and the game tophyte or s exua l 
s tage . P la smod i um i s  a pa ras i ti c  genus and, as  s uch, requ ires  a 
l iving hos t , i n  thi s case l i ving hosts . The hos t o f  the 
sexual s tage is the Anophe l e s  mosqui to ,  and the hos t of  the 
a s exual s tage i s  man . Hen c e , ma l a ri a i s  trans ferred to man 
from the " b ite " of an i nfec ted Anoph e l e s  mo squi to . I f  l e f t  
untreated , ma l a r i a  may k i l l  a s  many a s  one percent o f  thos e  
infected . The s urvivors are prone to relapse , and may s u f fer 
anemia , weakne s s ,  s exua l impo tenc e , c hroni c  abort ion , or 
secondary i nfec tions . The i ni ti a l  symptoms i nc lude f ever , 
chi l l s , and sweat i ng ( Lewi s and Lewi s 19 7 7 ) . 
Again , through hi s tor i c a l  accounts and fo lk lore , a cure 
for ma lar i a  was found . By the end o f  the s eventeenth c entury , 
quinine powder was the s tandard treatment for ma laria . 
Quinine i s  on e o f  four ma j or a l k a lo ids found i n the bark o f  
spec i e s  o f  Cinchona , espec i a l ly C .  ledgeriana ,  common ly ca l led 
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the fever bark tre e { Lew i s  and Lewi s  1 9 7 7 ) . The o ther 
a lkaloids are c inchonine , c i nchon idine , and qu i nid i ne . They 
are co l lec tive ly u s e d  to make totaqui ne , and a l l  are anti -
ma l a r i a l ,  a lthough quini ne i s  the mos t  ac tive component 
{ Schery 1 9 7 2 )  . I t  appears tha t  the se a lk a l o i d s  attack the 
a s exual s tage of the para s i t e  and thus e f fect the cure . 
However ,  i t  wa s not unti l the midd l e  o f  the ni ne teenth century 
tha t the s e  and other fundament a l  fac t s  were known { Kl e i n  1 9 7 9 ) . 
Growth requ irements we re a l so l e arned and there appeared to be 
no barrier to the c u l tivation of C inchona and the s ub s equent 
freedom from ma l a ri a . 
The only prob l ems s i nce the s e  d eve lopments have concerned 
monopo l i e s  and wa r . The s econd wor l d  war wa s fough t , i n  part , 
i n  areas where ma l ar i a was preva lent . S upp l i e s  o f  quinine 
became worth the i r  wei gh t  i n go ld and it  became nec e s sary to 
search for sub s ti tutes . A syntheti c ca l l ed atabrine was 
deve loped , and qui ni ne i ts e l f  was synthe s i z ed ( K l e i n  1 9 7 9 ) . 
The s e  method s proved very cos t ly , and the synth e t i c s  o f ten 
only mask the s ymptom s  rather than e f fect a comp l ete cure 
{ Schery 1 9 7 2 ) .  The s e  synthe t i c s  are s t i l l  used , however , and 
together wi th na tura l quini ne , and mo squ i to contro l , provide 
man with nea r l y  comp l e te freedom from ma lar i a . 
Wi thout a doub t , the mo s t  succ e s s fu l  synthetic drug i n 
the r e a lm o f  pharma cy i s  a s p i r i n . For more than 2 0 0 0  years 
extrac ts from spec i e s of  S a l ix { wi l l ow )  have be en used to 
tre a t  pa in , f i ght fever and gout ,  and other i l lne s s es . The 
e f f ect of wi l low i s l arge ly due to the a c tivi ty of the g lyco-
s ide s a l i c i n  { Morton 19 7 7 ) . S a l icin has been i s o la ted from 
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many spe c i e s  o f  S a l i x , but the ma i n  comme rc i a l  sources today 
are � fragi l i s  and S .  purpurea ( Lewi s  and Lewi s 1 9 7 7 ) . I t  
i s  readi ly hydro ly z ed to s a l igenin , whi ch h a s  shown some 
promi s e  a s  an analges i c  i n  medi c ine . Fo l lowing inge s tion , 
s a l i c in i s converted to s a l icy l i c  a c i d  wh ich i s  an active 
d i s infec tant and anti septic . S a l icyl i c acid has be en 
synthes i z ed and used as an antirheuma t i c , e f fec tive in the 
quick re l i e f  o f  pai n .  I t  i s  a l so unsurpas s ed a s  an ant i -
pyreti c  ( Tippo and S tern 1 9 7 7 ) . Unfortunately , thi s  drug 
ha s caus ed s evere gastric d i s comfort to s ome users . Con-
s equently , a s e arch wa s made for a s a l icyl i c acid s ub s t i tute . 
I n  1 8 9 9 , the Bayer Company redi scovered acety l s a l i cy l i c  acid . 
Th i s  drug was formerly synthes i z ed , a long wi th s a l i cy l i c 
acid , from c arbo l i c  ac id in 1 8 5 3 ,  but no attent ion was given 
it unti l the dec l ine of u s e  of s a l i cy l i c  acid ( Lewi s  and 
Lewi s  1 9 7 7 ) . 
Acety l s a l i cy l i c  acid , which h a s  come to be c a l led 
a s pirin , is s e eming ly the perfect drug . I t  i s  wide ly used 
medi c ina l ly a s  an anti pyreti c , an ana l g e s i c , and an ant i -
i n f lammatory agent for t h e  tre a tment o f  rheumati c fever , 
acute in f lammat i on , lumb ago , arthri t i s , and a hos t  o f  other 
condi tions , and is re l a tive l y  free from unp leasant s ide 
ef fects ( Lewi s  and Lew i s  1 9 7 7 ) . Neverthe l e s s , i t  i s  no t 
completely wi thout adver s e  e f fects , a s  many people have 
been k i l l ed by i t .  
I n  conc lu s ion , there are many o ther p l ants and p l ant 
produc ts tha t  are used medi c inal ly . Some are worth ment ion-
ing bri e f ly , not only becaus e of the i r  importance , but a lso 
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because they have become, or a r e  becoming, very wide ly accepted . 
Corti s one - Corti s one is a hormone produced 
by the adrena l g l ands . I t  i s  u s ed in the treat-
ment o f  rheumatoid ar thr i ti s , burs i t i s , a s thma , 
gout , Add i son ' s  d i s ea s e , rheumatic heart d i s ea s e , 
and over ninety other d i s ea s e s  ( Mor ton 1 9 7 7 ) . 
Corti sone c an be made f rom the b i l e  acids  in the 
uri ne of oxen ( Tippo and S tern 1 9 7 7 ) . Thi s 
proc e s s  ha s proven to b e  very c o s t ly .  The 
s earch for a l ternate s ources ha s resul ted in the 
d i s covery of s everal p l an ts which y i e ld thi s 
product .  The mos t important i s  the African vine 
S trophanthu s .  Other sources inc lude spec i e s  o f  
Dioscorea , the true y ams , and more recent d i s -
coveri es show that the yuc c a s  of  the s outh-
we s tern Uni ted S tates are s ource s from wh ich 
corti sone c a n  be obtai ned . Corti sone i t s e l f  
i s  not found i n  t h e  p l an t s , rather , s teroids  
wh ich are the precur s or s  o f  corti sone are the 
ac tual p l ant compounds ( Kr e i g  1 9 6 4 ) . Steroids 
are also u s e fu l  i n  the manufacture of s ex 
hormone s  and cons equently ora l  contraceptive s . 
Aloe - The fresh l eaves o f  s evera l s pec i e s  
( A . vera , A .  ferox , � barbadens i s )  o f  th i s  
pl ant y i e ld s  a j ui c e  tha t  i s  abundant i n  g lyco-
s ides ( Schery 1 9 7 2 ; H i l l  1 9 5 2 ) . The j ui c e  ha s 
been u s ed primari ly to hea l burn s . Rec e n t ly , 
i t  has gai ned popu lar i ty . Some c l a im i t i s  a 
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ver i tab l e  panacea curing everything " f rom s inus 
prob l ems , burns , cuts , and d i ges tive prob l ems 
to ba ldnes s ,  skin cancer , and ,arthr i ti s  ( Lewi s 
and Lewi s 1 9  7 7 ) . 
Chau lmoogr a o i l  - The di s ea s e  known a s  
l eprosy ha s been treated very e f fec tive ly wi th 
th i s  o i l . The o i l  i s  ac tua l ly a var i e ty o f  
organic acids which are derived from the frui ts 
o f  Taraktogenos kur z i i  and Hydnocarpus 
anthe lmintica ( Kri eg 1 9 6 4 ) . 
Ephedri ne - Ephedrine i s  an a lka loid wh ich 
is extrac ted from the s tems of spec i e s  o f  
Ephedra . I t  has found popu l a r  u s e  as an i ngre-
dient i n  i nha l ator s , used to g ive re l i e f  to 
na s a l  and b ronchial conge s tion and i n  trea t i ng 
low b lood pre s s ure ( S chery 1 9 7 2 ) . 
Gins eng - Pharmacolog i s ts cred i t thi s  p l ant' 
wi th l i tt l e  med i c inal va lue . Yet , i t has long 
been used a s  a g enera l tonic and s timu lant for 
the diges tive trac t , and is a s s umed to be a 
panacea for a l l  i l l s . There are two spec i e s  o f  
gins eng tha t a re uti l i zed , P anax gins eng and 
� qu i nque f o l ium . Both conta i n  the g lyco s i de 
panaqui l i n  ( Mi l l spaugh 1 9 7 4 ; Schery 1 9 7 2 ) . 
Podophy l lin - The root and rhi z ome o f  
mayappl e  ( Podophy l lum p e l ta tum ) y i e lds th i s  
a lka loid whi c h  has recently been u s ed i n  the 
treatment of par a ly s i s , and has a l so been u s ed 
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a s  a n  eme tic and cathartic, and treatment for 
cons tipa tion , gonorrhea , syphi l i s , and venere a l  
warts ( Morton 1 9 7 7 )  . 
Pomegranate - A decoction f rom the bark 
of both the s tem and the root of th i s  p l ant 
( Puni ca granatum )  has long been u s ed a s  a 
vermi fuge ( S chery 1 9 7 2 ) . 
Va l e ri an - Very l i t t l e  work h a s  been done 
wi th thi s  p lant , but i t  is thought that the 
rhi zomes and roots of Va leriana o f f i c i na l i s  
y i e ld a nervi ne , a carminative , and a n  anti -
spa smodic ( Schery 1 9 7 2 ) . 
Litera l l y  thous and s o f drug p lant s are recogn i z ed . 
Obvious ly , i t  i s  impo s s ib l e  to l i s t  a l l  of  them here . There-
fore the author wou l d  like to sugge s t  that , fo r furthe r  
r e f erence in the f i e ld of med i c i n a l  p l ants , the reader turn 
to either American Medicina l P l an t s  by Char l e s  F .  Mi l l spaugh , 
or Medical Botany by Wa lter Lew i s  and Memory E lvin- Lewi s .  
Both books can be cons idered no l es s than exc e l lent works i n  
thi s f i e ld . The book by Mi l l s paugh g ive s bo tani c a l  i l l u s tra-
tions and descr iptions o f  p l ants d i s cu s s ed , and i n  that s en s e  
i s  more botani c a l ly o r i en ted . The book by Lewi s and Lewi s i s  
more related to the sy s tems a f fec ted b y  the drugs , i . e .  i t  
give s  a cyto l og i c a l  and phy s io logi c a l  viewpoint . 
PLANT NAMES 
S c i enti f i c  Name Common Name F ami ly 
Aloe Aloe Li l aceae 
barb adens i s  Mi l l .  
PLANT NAMES - continued 
Scienti f i c  Name s  
A .  ferox Mi l l . 
A .  vera L .  
Atropa be l l adonna L .  
Cinchona l edgeriana Moens . 
Colchicum autumnale L .  
Digita l i s  purpure a  L . 
Dios core a  �· 
Ephedra �· 
Erythroxy lon coca Lam . 
Hepatica acuti loba DC . 
Hydnocareus 
anthelmintica P ierre 
Hyocyamu s  niger L .  
Mandragora o f f icinarum L .  
Panax ginseng C . A .  Mey . 
P .  quinquefolium L .  
Papaver somni ferum L .  
Podophy l lum pe ltatum L .  
Punica granatum L .  
Rauvolf i a  
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Common Name s  
a loe 
a loe 
be l l adonna 
fever-bark tree 
autumn crocus 
foxg love , 











may app le 
pomegranate 
snakeroot 
s erpentina ( L . ) Benth . ex Kur z . 
R .  vomitor i a  Benth . 
Salix frag i l i s  L .  
S .  purpurea L .  
Strophanthus � · 
swi z z lestick 
br ittle wi l low 
purp le wi l low 
Fami ly 
Li l i aceae 
L i l i aceae 
S o l anaceae 
Rubi aceae 
L i l i ac e ae 





F lacour ti aceae 
S o l anaceae 
So lanaceae 
Ara l i aceae 







S a l i c aceae 
Apocynaceae 
PLANT NAMES - continued 
Scient i f i c  Name s  
T ar aktogenos kur z i i  King 
Valer i ana o f f icinali s L . 
Vinca rosea L . 
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Common Name s 
chaulrnoogra 
valer i an 
Madagascar 
per iwinkl e  
Fami ly 
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